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REPORT    OF    A    CASE    OF    DIABETES    INSIPIDUS    WITH 
MARKED     REDUCTION     IX     THE     AMOUNT 
OF    URINE     FOLLOWING    LUM- 
BAR   PUNCTURE* 

JAMES  B.  HERRICK,  M.D. 

CHICAGO 

This  case  of  diabetes  insipidus  is  reported  because  of  the  remarkable 
effect  of  lumbar  puncture  in  diminishing  the  amount  of  urine  and  raising 
its  specific  gravity.  A  man  of  43  had  for  four  years  the  typical  manifes- 
tations of  diabetes  insipidus.  The  urine  varied  in  amount  from  7,500  to 
11,000  c.c,  and  was  always  of  low  specific  gravity  (1.001).  Lumbar 
puncture  was  made  and  less  than  5  c.c.  of  fluid  withdrawn,  the  fluid 
escaping  slowly  under  low  pressure.  Within  forty-eight  hours  the  daily 
amount  of  urine  had  dropped  to  660  c.c.  Headache,  pain  in  the  back  of 
the  neck,  anorexia  and  vomiting,  with  a  feeling  of  general  weakness, 
followed  the  puncture.  Morphin  was  given  for  pain.  Almost  no  fluid 
or  food  was  taken  for  three  or  four  days.  But  after  the  prostration 
following  the  puncture  had  disappeared,  when  morphin  was  stopped,  and 
when  food  and  water  were  freely  taken,  there  was  no  thirst  as  before,  the 
amount  of  urine  for  a  period  of  four  weeks,  during  which  he  was  under 
observation,  never  exceeded  1,800  c.c.  for  twenty-four  hours,  and  the 
specific  gravity  averaged  1.015,  ranging  from  1.005  (one  record)  to  1.031 
(single  specimen).  The  tabular  record  of  the  urine  as  well  as  the  detailed 
history  are  given  below.  In  the  history  it  will  be  noted  that  in  this 
patient,  as  in  others,  there  are  symptoms  pointing  suggestively  to  a  cere- 
bral origin  for  the  diabetes  insipidus.  It  was  for  the  purpose  of  obtaining 
the  cerebrospinal  fluid  for  investigation  by  Dr.  Dean  D.  Lewis,  who  was 
working  on  disease  of  the  hypophysis,  that  the  lumbar  puncture  was  made. 
The  result  of  the  puncture  suggests  a  certain  relation  between  some 
cerebral  condition  and  the  polyuria.  It  also  has  a  bearing  on  the  theory 
of  diabetes  insipidus,  which  makes  the  disease  largely  dependent  on  the 
inability  of  the  kidney  to  secrete  a  concentrated  urine.  A  case  like  this 
would  seem  to  show  that  under  certain  conditions  the  kidney  of  diabetes 
insipidu?  can,  at  least  temporarily,  pass  a  concentrated  urine.  The  pos- 
sible origin  of  the  disease  in  this  patient  in  a  lesion  of  the  brain,  as  in 
the  hypophysis,  and  the  very  remarkable  diminution  in  the  amount  of 
urine  following  lumbar  puncture,  which  urine  was  of  high  specific  gravity, 

*Manuscript  submitted  for  publication  May  28,  1912. 
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with  tK  ^  .is  clinical  experiment  on  questions  of  the  patho- 

-ipidus,  arc  m;  -  for  making  this  briet  report. 

.  with  some  niinutia?  that  are  perhaps  unimpor- 
tant but  winch  may,  in  the  light  of  later  investigations,  he  seen  to  be  of 
.     N„  attempt  is  made  to  classify  this  case  as  one  of 
aria  or  of  primary  polydipsia,  nor  is  sny  explanation  of  the 
na  volunteered,  nor  is  there  presented  any  review  of  the  subject 
jipidns.    The  theory  of  the  inability  of 
E    Pete  a  concentrated  urine  — primary  polyuria  — is  ably 
advocated  by  Erich  Meyer.1     The  correctness  of  this  view  has  been   in 

.  Finkelnburg,'  and  Forschbach  and  W  eber. 

.  Btill  maintains  that  his  notion  is  correct.    The  relation 

of  the  pars  intermedia  of  the  hypophysis  has 

„,,_.,!  ok.«    Carbohydrate  tolerance  in  connection 

wil'  the  hypophysis  has  s  by  Goetsch,  Cushmg 

and 

report 

f._Tbe  patient  wai  time  of  onset,  and  had  1 n  for  Ave  ; 

riousry,  a  mail-carrier  in  the  rural  free  delivery  Bervice,  having  to  ride  thirts 
miles  daily  over  rongh  roads.    There  was  some  exposure  to  cold,  but  not  excessive. 

i„  the  spring,  he  Brs!   noticed  frequent  urination,  both  diurnal 

and  nocturnal.  This  rapidly  increased  in  frequency,  until  it  became  embarrassing. 
He  would  have  to  stop  everj  half  hour  or  even  more  frequently  while  on  his 
route  Any  attempt  to  suppress  this  tendency  resulted  in  great  misery,  me 
quantities  teach  urination.    There  would  be  four  or  Bve  nocturna 

micturitions.    The  quantity  was  several  quarts  i  day.    His  mouth  and  ttroat  fdt 
stantiy  parched,  In  spite  of  the  greal  amounts  ot  water  drunk.    The  tongu. 

dry.     Bulimia  also  developed  in  the  Bpring. 
These  symptoms  persisted  all  Bummer,  and  became  more  marked  a  the  tall, 
when  there  were  superadded  others.    There  had  been  noticed  during  the  summer 

I    physical   endurance,  but    this   became  actual   weata Lumbar 

,.  annoying.    These  usually  began  as  s  dull  pain  extending  across  the 

!.  ,„,,,  „f  ,i„  \t  times  this  radiated  along  the  left   -luteal  region  and 

down  the  1-  ft  thigh  foil.  '  the  ■«»«€  nerve5  thi«  radiation  down- 

Mjvere,  much  more  so  than  the  bilateral  lumbar  pain. 

I  to  be  precipitated  U  the  jolting  of  the  mail-cart.     He  would 

and  walk  for  relief    Be  had  very  little  or  do  pain  at  night,  and 

lying  down  for  a  little  while. 

1.  Meyer,  Erich:    Uebei    D  •  •<  -    [nsipidua   and  andere   Polyurien,  Deutsch. 
Urh    |   nin'   M  Ixxxiii;  a  hi    d.  Deutsch.  klin.,  1910,  11,271. 

I  Inkelnburg:    Ueber   die    Konientrationi  "   bei    Diabetes 

p'idus  na.  ikungen.    Deutsch.  arch.  t.  klin.  med.,  1910, 

.„,.),  and  Weber:     Beobachtungen  liber  die  Ham    und  Salzausschei- 
d      *  pidui    Ztachr.  f.  klin.  Med.,  1911,  Ixxiii,  221. 

.,,   d<  .     \>i»-it    von    Forschlwch   und   Weber, 

hr.  f.  klin.  Med.,  191 

Hypophyse  sur  Diabetes  insipidus,  Ben. 

12,  ills   Ni 

irbobydrnte  Tolerance  and  thi 
i    rebri,  Bull.  Johns  Hopkins  Hosp.,  1911,  icxii,  v 
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Headaches,,  mostly  occipital,  though  at  times  radiating  to  the  frontal  and 
ophthalmic  regions,  have  annoyed  him  frequently  for  the  last  two  years.  These 
headaches  were  rarely  severe.  In  the  fall  three  years  ago,  after  a  long  railroad 
journey,  he  had  a  severe  headache  which  persisted  twenty-four  hours;  he  felt  very 
weak,  and  could  not  sleep  for  pain.  During  this  day  he  became  very  dizzy  at  any 
attempt  to  stand  up,  or  even  raise  the  head  from  the  pillow;  several  times  it 
"became  black  before  his  eyes."  Once  during  the  day,  on  attempting  to  rise,  he 
fainted,  and  believes  he  was  unconscious  for  three-quarters  of  an  hour,  during 
which  time  his  wife  tried  to  revive  him  with  dashes  of  cold  water.  Ever  since 
this  day  (he  thinks)  he  has  been  much  weaker.  Often  since  then,  and  up  to  the 
present  time,  he  has  had  transient  attacks  of  vertigo,  lasting  a  few  seconds;  he 
is  sure  he  is  never  unconscious.  These  occur  especially  when  he  raises  up  suddenly 
after  stooping  over.  There  is  a  blackness  before  the  eyes,  and  a  sense  as  of 
everything  being  "faraway." 

On  comparatively  slight  exertion  he  has  from  this  time  up  to  the  present 
noticed  that  the  pulse  is  rapid  and  that  he  is  conscious  of  the  throbbing  of  the 
heart.  Two  months  ago  he  had  to  stop  three  times  while  pushing  a  wheelbarrow 
100  yards..  He  timed  his  pulse;  it  was  135.  There  were  accompanying  sensations 
of  dyspnea  and  general  nervousness.  Mental  emotion  is  also  liable  to  bring  on 
palpitation. 

For  over  two  years  he  has  occasionally  noticed  transitory  edema.  Usually 
this  would  come  on  at  night,  would  be  noticed  in  the  arm,  and  would  disappear 
an  hour  or  two  after  he  arose,  sometimes  in  the  face,  especially  cheeks  and  eyelids; 
sometimes  in  the  hands  or  feet.  This  has  not  increased  lately  in  severity  or  fre- 
quency. This  edema  described  by  the  patient  was  not  seen  while  he  was  in  the 
hospital. 

For  the  last  year  or  two  he  has  had  mild  and  variable  paresthetic  sensations, 
especially  noticed  when  he  awakes  in  the  night,  such  as  a  sense  of  numbness 
involving  the  limbs  or  even  whole  body.  Oftener  a  localized  numbness  involving 
some  special,  but  variable,  area  on  the  fingers  or  toes.  Thus  once  there  was  an 
involvement  of  the  distal  part  of  the  left  index  and  middle  fingers,  lasting  per- 
haps half  an  hour.  Very  often  this  takes  the  form  of  a  prickling,  as  with  needles 
and  pins.     He  has  noticed  these  paresthesias  perhaps  six  times  the  last  month. 

The  skin  has  been  abnormally  dry  for  about  four  years;  also  cold.  Even  in 
hot  weather  he  sweats  but  little.  Pruritus  was  marked  two  years  ago;  as  also 
an  oily  condition  of  the  skin.  The  last  year  there  have  occasionally  appeared  on 
the  instep  of  the  foot  very  minute  (miliary)  vesicles,  filled  with  clear  serum. 
There  is  intense  itching.     He  scratches  them  until  they  bleed. 

There  are  few  gastro-intestinal  disturbances,  though  he  says  the  abdomen  is 
at  times  distended  with  gas  in  the  bowels. 

For  over  thirty  years  he  has  found  it  impossible  to  read  long  without  glasses. 
Even  with  lenses  he  often  has  to  stop  after  reading  five  or  ten  minutes,  on  account 
of  blurring  of  vision  and  pain  in  the  eyeballs.  But  he  has  never  been  fitted  by 
an  oculist.     Xo  amblyopia,  diplopia  or  scotomata. 

For  many  years  he  thought  he  "had  no  nerves;"  the  last  four  years  he  has 
frequently  felt  very  nervous;  these  attacks  of  weakness,  nervousness  and  even 
trembling  come  on  with  physical  exertion,  or  even  slight  mental  excitement. 

Attacks  resembling  petit  mal  occur.  He  and  his  family  have  noticed  the  last 
year  that  while  reading  or  talking  he  will  occasionally  stop  abruptly  for  a  few 
seconds  and  cease  all  activities.  This  lapse  will  terminate  abruptly.  These 
attacks  have  nothing  in  common  with  the  attacks  of  vertigo. 

He  has  been  a  light  sleeper  all  his  life;  the  last  four  years  this  condition 
has  been  decidedly  aggravated:  apparently,  this  is  due  largely  to  the  necessity 
of  awakening  for  urination.  The  patient  was  worried  much  lately  because  he 
thinks  his  mentality  has  been  affected. 

After  the  development  of  the  symptoms  four  years  ago,  the  conditions  became 
gradually  more  marked.     Three  years  ago  a  physician  was  consulted,  especially 
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the  Lumbar  pains,  which  finally  rendered  work  almost  impossible 
.  uria.  with  low  -  avitj  :  no  sugar;  no  albumin,     lrcatment 

ii"  avail.  , 

patient   „  k  for  ten  days  following  vaccination  at  age  of  lo. 

vVl,(.n  7  age  the  patient   had  to  Btop  Bchool  on  account  of  some 

..     Be  remembers  having  been  carried  around  for  weeks.    He 

rwiee.     Be  used  crutches  later.     There  was  no  pain.     (Pobomye- 

patient    had   "yellow  jaundice"  when   a   child,  bronchopneumonia    at    9, 

ltina  at  |u.  otorrhea  innot  remembeT  which  ear);  earache  often.     At 

trrhea  with  hemorrhage— sick  in  bed  four  or  five  days. 

.,...  he  had  "walking  typhoid"— fever  L(M   P.     Borne  headache  and 

(iial:  -  ,  ago  he  had  extensive  furunculosis. 

When  a  boy   (up  to  the  age  of  17  or  18)    be  had  Bick  headaches  frequently 
(aboul  once  a  month),  frontal  and  temporal,  and  very  violent  in  one  eye  (he  can- 
ober  which).     Be  went  to  bed  with  thi 
At   17  suffered  a  violent  head  trauma    (thrown  out  of  wagon  on  head)!   was 
unconscious  a  Bhort  time;  headache  a  few  days. 

bI  was  a  carpenter  for  many  ir  the  five  years  preceding  the 

attacks  he  was  a  rural  mail-carrier, 
mei-ly  he  used   beer  and  a   little  whiskey,  very   moderately;    latterly  no 

alcohol      H"  used  eoff< ccessively  for  many  years   (five  to  eight  cups  a  day). 

II,  quit  after  the  onset  of  the  present  illness  and  the  Bymptoms  ameliorated  for 
a  month  or  two  <  first  Bummer). 

mother  died  of  puerperal   fever,  his  father  at  advanced  aj 
a  slowly  advancing  paralysis  following  a  "stroke"  ten  years  before. 

Be  was  married  a1  21.     Hi-  wife  has  had  four  healthy  children  and  two  mis- 

: ,-l,,r  third  and  fourth  pregnancies,  and  early  in  each  pregnancy.     Be 

failure  of  Bexual  power.     Be  denies  venereal  dis< 
itua.     Polyuria  marked— seven  to  ten  quarts  a  day;  polydipsia,  with 
excessive  thirsl    and   dryness  of   mouth;   appetite   voracious;    weakness  mai 
Two  blocks  of  fasl   walking  would  fatigue  him,  and  also  bring  on  dyspnea  and 
palpitation.     I  ipital— frequent,  but  never  severe.    Transieni 

and  asional  atts  mbling  petit   mal;  general  nervousness;   paresthesias; 

dry  skin;  lumbar  pains  only  if  he  over-exerts. 

'  Be  has  gained  fifteen  pounds  the  last  four  years  and  weighs  now  ]..t  pounds. 
The  jmeU  or  audition  (T),  no  paralyses,  no  dysuria, 

no  cough,  no  Jaundice,  no  sore  throat. 

■   •.  iv  thin,  healthy  looking  man.  who, 
while  saying  he  felt  rather  weak,  yet  walked  into  the  hospital    Be  impressed  one 
neurotic,  dwelling  on  and  magnifying  trifling  Bymptoms,  but  not  acting  as  an 
hysterical  patient    And  no  hysterical  somatic  stigmata  were  found  on  anj  exam- 
ination     Hi loi  >        l,nl"  tanned  as  from  exposure  to  the 

,l|iir     ■,,  ting  of  the  subcutaneous  fat.    No  rashes,  ecchymotic 

..  found.    He  waa  not  icteric,    The  akin  was 
;  ,  adenopathy. 

The    reflexes    were    normal     pharyngeal,   epigastric,    hypogastric,    cutaneous, 

There   waa   no   Babinski;    no  ankle  clonus;    no 
inces  could  not  be  made  out 
•I!|(.  on  percussion,     it-  apes  Impulse  was  inside  the 

mamillsry  Hi  see  were  pure;  it-  beat  rhythmic.    The  peripheral  v< 

were  not  thickened  or  tortuous.    The  radial  -  i    was  123  mm.   Bg 

Bed  bj  Btsnton  i , 
miuation  of  the  scalp  and  cranium  gave  normal  findings,  as  did  that 
,lf  .  tnd  mouth.     Bearini  rhaps  a  little  dull.    The 

i"    w.  H    Wildei  I,  and  found  normal  except  for 
enilia  in  I  he  reaction!  of  the  iris  to  light   and  In 


JAMES     B.     EERRWK  5 

accommodation  and  consensually  were  active.  No  exophthalmos,  nystagmus, 
ptosis  or  paresis  of  the  external  muscles  could  be  made  out.  Ophthalmoscopic 
examination  and  testing  of  the  fields  of  vision  revealed  normal  conditions.  Some 
of  the  optic  nerve  fibers  were  medullated.  No  scotomata.  An  x-ray  examination 
of  the  cranium  showed  a  sella  turcica  that  appeared  smaller  than  normal.  In 
other  respects  the  radiograph  was  negative. 

There  was  no  enlargement  of  the  thyroid  gland  and  no  dulness  to  suggest  a  sub- 
sternally  enlarged  thyroid  or  thymus  gland.  The  chest  was  well-formed,  with 
normal  pulmonary  resonance  and  free  excursion  on  respiration.  Breath  sounds 
were  normal;  no  rales. 

The  abdominal  examination  revealed  nothing  abnormal.  The  spleen  and 
kidneys  were  not  palpable,  the  liver  not  enlarged,  the  stomach  apparently  in 
normal  position  and  of  normal  size.  The  genitalia  were  normal.  Rectal  examina- 
tion was  negative. 

The  blood  count  was  5,088.000  red  corpuscles;   6,450  whites;   hemoglobin,  84 
per  cent.     The  varieties  of  white  corpuscles  were  in  normal  proportions. 
February  17.     Wassermann  (Dr.  Nieoll)  negative. 

February  18.  Patient  states  that  he  is  positive  he  is  passing  more  urine  since 
entering  the  hospital;  attributes  this  to  the  fact  that  at  home  he  rests  a  great 
deal  in  a  spring-chair  inclined  at  an  angle  of  145  degrees.  He  believes  the  kidneys 
are  more  congested  by  his  use  of  the  hospital  chairs  (upright). 

February  19,  11  a.  m.  Lumbar  puncture.  Less  than&5  c.c.  of  cerebrospinal 
fluid  removed;  perfectly  clear;  came  out  under  normal  or  somewhat  reduced  pres- 
sure. Within  five  minutes  after  the  withdrawal  of  the  fluid  he  complained  of  a 
headache  and  pain  in  the  back  of  the  neck.  It  rapidly  radiated  upward  to  the 
occiput  and  downward  along  the  spine,  growing  more  intense,  so  that  within  half 
an  hour  it  was  the  most  violent  headache  he  had  ever  had.  The  occipital,  tem- 
poral, frontal  and  vertical  regions  of  the  scalp  were  also  involved.  The  pains 
also  radiated  down  the  arms  to  the  elbow.  The  slightest  movement  of  the  body, 
neck  or  even  fingers,  resulted  in  exacerbations  of  the  headache.  The  neck  was 
somewhat  rigid  (seemingly  held  so  voluntarily  to  avoid  pain).  There  was  no 
pain  on  pressure  over  nerve  trunks.  Kernig  sign  somewhat  positive.  There  was 
also  a  feeling  of  soreness  deep  in  the  lower  substernal  and  epigastric  regions. 
No  nausea. 

February  20,  p.  m.  (thirty-six  hours).  The  head  and  backache  somewhat 
easier,  provided  patient  lies  perfectly  quiet.  Any  slight  motion  of  the  trunk, 
neck,  head  or  limbs  is  followed  by  intense  exacerbation  of  the  pain.  The  patient 
"suffered  agony"  yesterday  and  this  morning.  The  Kernig  has  disappeared. 
There  has  been  some  nausea  and  vomiting. 

February  25  (notes  on  days  February  20-25).  The  headaches  have  gradually 
cleared  up  during  the  last  two  or  three  days.  Patient  has  noticed  a  great  change 
in  physical  and  mental  condition.  Since  the  lumbar  puncture  his  skin  has  been 
moist  and  warm  (verified  often  by  Dr.  Kirk,  the  intern)  in  contrast  with  the 
dry  condition  of  the  last  two  or  three  years.  Patient  feels  relieved  mentally; 
the  depression  is  gone  and  he  feels  very  much  encouraged.  The  soreness  of  the 
muscles  and  in  the  neck  incident  to  the  puncture  has  worn  off.  Has  never  passed 
so  little  urine  in  four  years. 

The  patient  left  for  home  and  re-entered  the  hospital  after  being  absent  for 
nine  days.  He  reports  that  the  headaches  have  gradually  worn  off.  so  that  at 
present  they  are  not  so  severe.  The  thirst  has  been  less  marked;  not  more  than 
two  quarts  of  liquid  a  day,  being  taken.  The  urine  has  been  noticeably  small  in 
amount,  one  day  about  three  pints.  Also  the  frequency  of  micturition  is  much 
less.  Since  the  lumbar  puncture,  he  has  often  gone  from  six  to  twelve  hours 
without  urinating.  He  states  definitely  that  up  to  the  time  of  the  puncture  he 
for  four  years  urinated  at  least  every  two  hours— often  every  hour,  or  more  fre- 
quently. Since  the  puncture  the  appetite  has  been  decidedly  less.'  He  believes 
his  appetite  is  now  about  that  of  an  average  man.     At  times  he  feels  rather 
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on    attempting    to   ea<    certain    fa  gs       Tin'    -kin    has    been 

lly  more  moisl  ever  since  tin'  puncture.     He  has  had  no  more  of  the  attacks 
resembling  petit  mal.     Has  had  slight  ve  ral  times,  on  suddenly  raising 

the  head  after  lying  down.  The  tingling  in  the  arms  has  come  on  a  few  times, 
lasting  five  or  ten  minutes  each  time.  He  believes  the  weakness  i-  more  marked 
than  before  the  puncture.  Sleeps  better.  The  lumbar  pains  have  been  experienced 
a  few  times,  as  before  the  puncture.  Physical  examination  the  same  as  before: 
-tolic  radial  blood-pressure  is  122.  Skin  normally  warm  and  moi-t.  Oph- 
thalmoscopic examination  again  shows  normal  retina. 

_-.ir  toleration  was  tested  with  the  following  result: 
March  8.     100  g.  glucose  this  p.  m.  March  9,  no  glycosuria. 
March  9.    200  g.  glucose.  March  10,  do  glycosuria. 
March  10.-  300  g.  glucose.     No  glycosuria. 

An  imperfect  chlorid  toleration  test  waa  made,  the  results  of  which  are  not 
given. 

I'HINARY    (HART 
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11    a.   m.:    lumbar  puncture 


100  g.  glucose  yesterday 

20D  <r.  glucose  yesterday 
300  g.  glucose  yesterday 


Pituitrin  started;  all  2  doses  (15  m.  Bub- 
cut.,  and  2  m.  intravenously)  were  given 
on  the  1  tth  and  15th  das  -• 


M.  iii  pituitrin  riven  intravenously  twice. 
M.  vii  riven  twice  intravenously  to-day. 

None  given  since;   K!  -tailed,  gr.  \.  t.  i. 


it'ter  the  glucose,  waa  sugar  found  in  the  urine.    There  was 

never  albumin.     \<>  easts  ot  other  pathologic  microscopic  structures  were  found. 

id  and  acetone  were  tested   for  often,  bul   were  never  detected.     The 

urine  was  always  acid.     After  the  lumbar  puncture  it  was  of  darker  color  than 

before  and  at  times  waa  a  little  turbid. 
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March   14.     Two   doses  of   15   m.   pituitrin    (P.   D.   and   Co.)    given   hypoder- 
matically. 

March  15.     M.  ii  given  intravenously. 

March  18.     M.  iii  given  intravenously;  blood-pressure  ten  minutes  later,  133. 

Repeated  in  evening. 

March  19.     M.  vii  given  intravenously  twice  to-day. 

Blood-pressure  124  before;  155  afterward  (five  minute). 
•  March  25.  Present  Status:  (a)  No  thirst;  (b)  no  polyuria;  (c)  no  attack 
resembling  petit  mal;  no  nausea;  no  vomiting;  (d)  irregular  headaches  (severe 
at  times),  some  lumbar  pains,  some  left  sciatic  pain.  Eyesight  just  about  same 
as  before  (occasional  visual  disturbances,  as  formerly).  The  patient  at  this  time 
left  for  home.     No  word  has  since  come  from  him.7 

122  South  Michigan  Avenue. 


7.  As  this  goes  to  press  I  am  told  by  a  neighboring  physician  who  is  familiar 
with  the  case  that  the  old  symptoms  have  been  returning. 


THE    COBRA    VENOM     HEMOLYSIS     TEST     IX    SYPHILIS. 

WITH   REPORT   OF   ONE   HUNDRED   AND 
'I  Illiri'V     REA(  TIONS* 

WILLARD  J.   STONE,   MJD.,   am.   Kit  HARD   SCHOTTSTAEDT,  M.D. 

roi  kix>,  o. 

HISTORI4   \I. 

Much   of  the  early  work  on  cobra  venom   hemolysis   was   dom 

1  -  >*   Mitchell  and  Flexner.5  Flexner  and 

alden  and  LeCount,11  and  Goebel.12 

ichi,'  von   Dnngern  and  Coca,13  Bang14  and 

have,  within  the  past  five  years,  created  new  interest  in  the  subject. 

work  of  Kyes  it  has  been  shown  that  the  incomplete  hemolysin 

t  in  native  cobra  venom  (amboceptor,  a-  first  suggested  by  Flexner 

iii)   is  activated,  in  the  absence  of  Berum,  by  complementing 

-  (lecithin  )  present  in  the  red  cells  to  form  the  complete  hemol- 

!  by  him  "cobra-lecithid." 


•Manuscript  submitted  for  publication  April  :>.  1912. 

I  :it  the  meeting  of  American  Association  of  Pathologists  and  Bacteriol- 
ogists,  Philadelphia,  April  6,  1912. 

1.  Calmette:  Ann.  de  llnst.  Pasteur,  1892,  ri;  Compt,  rend.  Soc.  de  biol., 
1894 j  '  ompt  rend.  Acad.  d.  -.-..  1902,  cxxxiv,   1446. 

9tephena  and   Myers:      Krit.  Med.  Jour.,   Mar.  :>.   H08;  Jour.  Path,  and 
-    v,  279. 
Jour.  Path,  and  Bacteriol.,  1900,  ri,  ii7.'?. 
4.  Myers;  Jour.  Path,  ai  iol.,  i!'i><»,  \i.  415;  Trans.  Path.  Boc,  London, 

Mitchell  and  Flexner:   Nat    Acad.  Be.,  1901. 

6.  Plainer  and  Nogucbi:  Jour.  Ezper.  tied.,  1902,  vi.  -J77:  Univ.  Penn.  Med. 
I'.ul!..  1902,  \\. 

7.  Nogucbi:  .imir.  Exper.  Med.,  1907,  i\.  186;  Berum  Diagnosis  of  Syphilis, 
Lippincott,  Phila.,  1911;  Bnake  Venoms,  i  bap,  xvi,  <  arnegie  [nstitution,  Wash- 
ington, It 

klin.  Wchnschr.,  L902,  codz,  886;  ibid.,  1908,  xlii,  21;   ibid., 
Ztschr.,  1907,  Iv,  109;  Jour,  [nfect.  Dis.,  1910,  rii,  181. 
9,   !.;.•-  and  Sachs:     Berl  klin.  Wchnschr.,  1908,  \lii.  21,  ."-7. 
10.  E  I  entralbl  f.  Bact.,   1908,  w\>\    I  hem.  Centralbl.,  L906,  v, 

ben.  med.  Wchnschr.,  1908,  Iv,  v 
li.    Mxlerhalden  and  LeCount:  Ztschr.  f.  exper.  Path.  a.  Therap.,  1906,  ii.  199. 
12.  Goebel:  <  ompt  r.  >  .    biol.,  ran:,.  Km.   ijn. 

18.  Von  Dnngern  and  t:     Munchen.  med.  Wchnschr.,  1907,  iv.  '2:ii7;  Ibid, 

m.  Zts(  hi  .  1908,  Kii,  407  ;  Jour,  [nfect.  Dil  .  L912,  \.  57. 
l ».  Bang:   Bl  I     hr.,  1908,  si,  521. 

15.  '  tper.   Biol,  and   Med.,   1909,  ri,  49;   (bid.,  1909,  rii,  2; 

Jour.  Inf. 
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According  to  Hober16  lecithin,  with  a  small  amount  of  cholesterin,  is 
said  to  form  33  per  cent,  of  the  solid  ingredients  of  red  cells.  Sachs  has 
suggested  that  the  hemolytic  resistance  of  red  cells,  from  different  indi- 
viduals of  the  same  species,  varied  according  to  the  amount  of  lecithin 
in  the  cells.  Kyes,  on  the  other  hand,  while  substantiating  in  the  main 
the  results  obtained  by  Sachs,  believes  that,  since  all  erythrocytes  contain 
sufficient  lecithin  to  activate  cobra  venom,  the  varying  susceptibility  of 
red  cells  to  the  venom  depends  rather  on  the  availability  of  the  intra- 
cellular lecithin  for  the  reaction.  That  is,  whether  the  lecithin  in  its 
combination  with  the  cell  structure,  is  available  in  a  free  state. 

Any  factor,  therefore,  which  modifies  the  availability  of  the  cell 
lecithin  may  modify  the  susceptibility  of  the  cells  for  hemolysis  with  cobra 
venom.  Thus,  the  erythrocytes  of  sheep,  ox,  or  goat,  in  physiological  salt 
solution,  which  are  never  susceptible  to  cobra  venom  irrespective  of  the 
strength  of  solution  employed,  become  highly  susceptible  to  venom  when 
the  cells  are  suspended  in  physiological  sugar  solution.  Also,  certain 
lipoid  substances,  such  as  the  fatty  acids,  neutral  fats  and  soaps  of  the 
fatty  acids,  possess  certain  powers,  probably  through  modification  of  the 
cells,  to  render  more  available  the  intracellular  lecithin  for  the  formation 
of  the  complete  hemolysin.  Since  these  substances  act  through  modifica- 
tion of  the  cells,  indirectly  affecting  the  availability  of  the  contained  leci- 
thin, they  are  considered  to  be  indirect  activating  agents.  Chloroform, 
ether  and  bile  salts  fall  into  this  class. 

In  susceptible  cells,  on  the  other  hand,  the  union  of  cobra  venom  and 
lecithin  occurs  directly  with  the  formation  of  the  complete  hemolysin, 
designated  by  Kyes  cobra-lecithid,  due  to  a  splitting  of  the  fatty  acid 
radical  from  the  lecithin.  Liidecke,17  von  Dungern  and  Coca13  and  Man- 
waring18  have  contended,  however,  that  this  product  was  a  venom-free 
lecithin  derivative  and  not  a  lecithid.  They  have  preferred  to  call  the 
active  principle  "cobralecithinase"  and  the  hemolytic  end-product,  "mono- 
fatty-acid  lecithin"  or  "desoleo-lecithin."  Von  Dungern  and  Coca  do  not 
believe  that  lecithin  acts  as  a  complement  in  the  reaction. 

In  the  study,  however,  of  the  behavior  of  cobra  venom  solutions  and 
red  cells,  definite  quantitative  relations  have  been  shown  to  exist  between 
the  strengths  of  solutions  and  the  amounts  of  lecithin  contained  in  the 
cells.  As  mentioned  by  Kyes,  these  results  "are  comparable  to  those 
given  by  Morgenroth  and  Sachs19  for  complement  and  amboceptor  in 
hemolytic  sera;  viz.,  that  within  certain  limits,  the  larger  the  amount  of 


16.  Hober    (Quoted  by  Schwartz):   "Chemie  der  Zelle."     Ed.  2,  1906. 

17.  Liidecke:    Inaugural   Dissertation,  Miinchen,   1905.      (Quoted  by  Schwartz, 
X.  Y.  Med.  Jour.,  1912,  xcv,  23.) 

18.  Manwaring:     Johns    Hopkins    Hosp.    Bull.,    September,    1910;    Ztschr.    f. 
Immunitatsf.,  1910,  vi,  513. 

19.  Morgenroth  and  Sachs:  Berl.  klin.  Wchnschr.,  1902,  xxxix,  817. 
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venom,  the  smaller  the  amount  of  lecithin  required  to  effect  hemol 

j*er  the  amount  of  lecithin  the  smaller  the  amount 
of  venom  required."'    On  the  other  hand,  with  a  fixed  amount  of  lecithin, 
an  increase  in  the  amount  of  venom  beyond  the  usual  requirement  - 
hemolysis  inhibits  the  lysis,  since  the  quantitative  relations  between  the 
substances  have  been  disturbed,  a  condition  analogous  to  the    X 
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o 

+ 

+ 

3. 

Primary 

1/8 

+ 

+ 

4. 

•  aital,   active 

+ 

+ 

11. 

Secondary,   active 

"6/12 

+ 

+ 

1  I. 

{formal 

— 

— 

— 

15. 

Normal 

— 

— 

18. 

Psoriasis 

— 

— 

20. 

Clin,  cored 

."> 

— 

— 

40. 

Secondary .  aci  ive 

1/2 

+ 

+ 

46. 

Tertiary,  active 

5 

— 

+ 

48. 

Tabes,   ilorsalis 

3 

+ 

+ 

50. 

Normal 

— 

— 

Tertiary,  active 

5 

+ 

+ 

62. 

Tertiary,    latent 

! 

+ 

+ 

63. 

Norma] 

— 

— 

14. 

Gen.  paralysis 

i 

+ 

+ 

66. 

Tertiary,    latent 

4 

+ 

+ 

+ 

69. 

paralysis 

X 

+ 

- 

74. 

Gen.    paralysis 

7 

+ 

+ 

Tertiary,   active 

16 

+ 

+ 

81. 

Gen.   paralysis 

L2-14 

.       + 

+      in      cerebro- 
spinal  fluid. 

— • 

82. 

G<?n.  paralysis 

t 

+ 

-f-     in     cerebro- 
spinal  fluid. 

+ 

N 

Cerebral  syphilis 

X 

-+-      in      cerebro- 

spin  a  1    fluid. 
Neg.  in  bl 1. 

-+-     in     cerebro 
spinal  fluid. 

84. 

.  bulbar  palsy 

—     in     cerel 

spinal    fluid. 



B6. 

ciir.  pulm.  tnbercn. 

v 

^~* 

'Blood-serum  was  used  in  making  tbe  butyric  acid   teal  except   In  cases  bo 
t  Lues  denied      X  Unknown. 

Wechsberg  phenomenon,  in  which  an  if  amboceptor  Inhibits  the 

action  of  ;i  minimal  amount  <»f  complement. 

\T.\o\f      HEMOLYSIS     l\     BYPHILIS 

The  considerations  above  described,  while  interesting  from  b  I    - 
adpoint,  did  do!  produce  results  of  a  practical  nature  until  the  publi- 
cations "t"  Weil,  who   found   in  1  •  -  - 1  i  r  i  ir  the  hemolytic  powi  cobra 
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venom,  with  cells  derived  from  different  types  of  disease,  that  the  red 
cells  of  luetic  individuals  offered  increased  resistance  to  hemolysis.  It 
was  demonstrated  that  normal  erythrocytes,  and  erythrocytes  derived 
from  individuals  with  diseases  other  than  syphilis,  would  undergo  com- 
plete hemolysis  in  dilutions  as  high  as  1  in  30,000  to  1  in  40,000 ;  while 
luetic  red  cells  showed  little  or  no  hemolysis  in  dilutions  varying  from 
1  in  15,000  to  1  in  30,000.  Weil's  conclusions  based  on  the  reactions 
obtained  in  191  cases  showed  that  this  characteristic  was  especially  true 
of  advanced  syphilis. 

One  of  three  explanations  is  available  for  the  phenomenon :  (1)  Either 
the  quantity  of  red  cell  lecithin  is  actually  diminished  in  syphilis,  after 
the  primary  stage,  as  a  reactive  phenomenon  to  the  luetic  toxin;  or  (2) 
the  toxin  so  affects  the  stromata-holding  lecithin  as  to  render  less  of  it 
available  in  a  free  state  for  the  formation  of  the  hemolysin,  "cobra- 
lecithid"  (Kyes)  or  "monofatty-acid  lecithin"  (von  Dungern,  Coca,  Man- 
waring)  ;  or  (3)  a  dissociation  has  taken  place  between  lecithin  and 
cholesterin  in  the  red  cells  with  inhibition  of  hemolysis  by  the  latter 
substance. 

"Weil  has  called  attention  to  the  fact  that  syphilis  attacks  the  lipoid 
constituents  of  body  cells,  since  the  amount  of  lecithin  which  can  be 
extracted  in  syphilis  is  less  than  can  be  obtained  from  normal  tissues. 
In  explanation  of  the  increased  resistance  of  luetic  red  cells  to  cobra 
venom  hemolysis,  he  has  suggested  that  possibly  the  luetic  toxin  attacks 
the  same  cellular  constituents  as  cobra  venom  in  much  the  same  way  that 
the  hypodermic  injection  of  phenyl-hydrazine  produces  an  increased  red 
cell  resistance  to  all  hemolytic  agents  including  cobra  venom.  Such  a 
result  is  probably  a  reactive  phenomenon  of  tolerance,  for  Weil  has  shown 
that  repeated  injections  of  such  an  hemolytic  agent  as  saponin  leads  in 
rabbits  to  the  production  of  red  cells  which  show  marked  resistance  to 
saponin  hemolysis  but  to  no  other  hemolytic  agents.  The  first  genera- 
tions of  cells  were  found  to  be  hypersusceptible  to  the  action  of  saponin 
but  subsequent  generations  had  acquired  tolerance  to  it. 

Such  a  phenomenon  apparently  occurs  in  the  reaction  of  luetic  red 
cells  to  cobra  venom.  For  about  five  or  six  weeks  after  the  primary  lesion 
the  red  cells  are  hypersusceptible  to  cobra  venom  hemolysis  in  all  dilu- 
tions. Subsequent  generations  of  red  cells  after  six  or  eight  weeks  (about 
the  time  of  secondary  manifestations)  acquire  tolerance  and  become 
resistant  to  this  hemolytic  agent.  The  phenomenon  of  acquired  resistance 
to  saponin  hemolysis  is  different,  however,  from  the  reaction  of  luetic 
cells  with  cobra  venom.  In  lues,  the  reaction  occurs  in  response  to  the 
luetic  virus,  with  subsequent  increased  hemolytic  resistance,  to  a  toxin  of 
dissimilar  origin.  The  acquired  tolerance  to  saponin  manifests  itself 
against  saponin  alone.     The  increased  resistance  of  luetic  cells  to  the 
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hemolysin  of  cobra  venom  is  apparently  the  first  instance  of  specific 
alteration  of  diseased  body  cells  to  an  hemolytic  agent. 

Whatever  may  be  the  ultimate  explanation,  it  is  certain  that  the 
reaction  is  characteristic  of  certain  stages  of  syphilis,  for  in  no  other 
condition  or  disease  has  the  same  degree  of  resistance  been  encountered. 

THE    COBRA    VENOM    TEST    AND    TECHXIC 

We  are  indebted  to  Dr.  Weil  for  two  samples  of  cobra  venom.  One 
ws&  obtained  from  Calmette  of  Lille  and  the  other  from  Coca.  The  two 
specimens,  when  tested  in  various  dilutions  with  normal  and  specific 
bloods,  were  found  to  possess  equal  hemolyzing  powers.  It  is  probable 
that  the  strength  of  the  dried  venom  does  not  vary,  although  preliminary 
titration  against  red  cells  of  normal  and  luetic  individuals  will  determine 
the  hemolyzinir  BtTength  of  any  sample. 

The  stock  solution  consists  of 

Dried   cobra  venom  0.005      ,  onnn  j:i,.+: 

,   ,,  ,    .         , -      .  1AA         =1-2000  dilution 

0.9  per  cent.  Bolution  >.ai  1  10.0 

This  stock  solution  if  stored  in  the  ice  chest,  keeps  for  at  least  one  week.20 
From  this  stock  solution  the  following  dilutions  are  made,  using  separate  clean 
pipettes  for  each  dilution.     All  Bubdilutiona  are  kept  in  the  ice  chest: 

81  i:-lill.l    I  IONS 

Solution  "A" — 1:10,000=1  c.c.  stock  boI.  plus  i  c.c.  0.9  per  cent.  NaCl  sol. 

Solution  "B"— 1 :  15,000=2  C.C.  BOl.  "A"'  plus  1  c.c.  0.0  per  cent.  Na<  1  BOl. 

Solution  "<  " — 1:20,000=1  c.c.  sol.  "A"  plus  1  c.c.  0.9  per  cent.  NaCl  sol. 

Solution  "It"    -1:30,000=1  c.c.  sol.  "IV  plus  1  cc.  0.9  per  cent  NaCl  sol. 

Mood    is   drawn   from   one  of  the  veins  at    the  bend   01  the  elhow  with  a  5 

l.uei-  syringe  to  which  i-  attached  an  ordinary  antitoxin  needle  with 
flexible  rubber  connection  The  syringe  should  contain  about  2  cc.  of  a  2  per  cent, 
solution  of  Bodium  citrate  (free  from  air  bubbles).  The  exact  amounl  of  citrate 
solution  U  unimportant.  The  needle  is.  passed  through  the  flame  Beveral  times. 
A  piece  of  rubber  tubing  is  tied  above  the  (dhow  tight  enough  to  constrict  the 
superficial  vein-,  the  patient  being  in  the  prom  position.  The  arm  is  cleansed 
with  alcohol,  and  the  needle  inserted  into  the  vein.  The  blood  Bows  into  the 
citrate  solution  in  the  Byringe  and.  from  it-  own  pressure,  gradually  pushes  the 
piston  upward.  When  about  2  cc.  of  blood  has  Bowed  into  the  Byringe,  the  rub- 
ber  constriction  ie  loosened,     Pressure  with  a  compress  of  cotton  i-  made  over 

point  Of  'l"'  needle  iii  prevent  a  hematoma,  and  the  needle  quickly  with- 
drawn. The  blood  solution  i-  then  expelled  into  ■■>  IS  cc.  graduated  centrifuge 
tube,  and  placed  in  the  ice-bos  until  read]   for  use   (if  necessary  for  24  hours). 


if  the  Btock  solution  (after  tion  bj  Schwartz)  is  divided  into  ten 

.   tch    and   the   tubes   placed    in   a    wide  mouthed.   well-COrked    vacuum 

bottle  containing  -alt  and  lee  and  kepi  frozen  in  the  ice-chest,  the  strength  of 
the  venom  solution  remains  unchanged.  'I  hi-  procedure  prevents  waste  of  the 
\.  ik, in  solution.  Since  i  .-..■.  of  the  stock  solution  is  sufficient  for  t\\"  complete 
riei  "f  lubdilutions,  l  gm.  of  cobrB  venom  i-  sufficient  for  4,000  testa. 
The  wide-mouthed  vacuum  bottle  may  he  obtained  from  IS.  Aaachletl  a  Son, 
i  ;:;  it;  Bast  Twent]  Third  Street,  New  York,  b,  if  the  dried  venom  crystals 
are  pulverized  in  a  mortar  with  benzene   (aftei   a  tion  ly   Weil)   and  the 

benzei vaporated,  a  homogeneous  powder  results  which  i-  easier  (•>  weigh  and 

tri  dissolve,     c  We  have  modified  the  technii  d  by  Weil  for  purpi 

simplifical  I 
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One  should  avoid  shaking  the  cell  suspension.  When  ready  for  use  any  clots 
which  have  formed  on  the  bottom  of  the  tube  are  first  fished  out  with  a  platinum 
wire  and  the  supernatant  citrate  solution  removed  with  a  capillary  pipette.  The 
tube  is  then  filled  with  a  0.9  per  cent,  solution  NaCl,  and  centrifuged  at  moderate 
speed  until  the  solution  is  clear  (for  10  minutes).  The  salt  solution  is  pipetted 
off  and  the  process  repeated  three  times  more  to  remove  all  serum  which,  at 
least  in  some  instances,  inhibits  hemolysis.  Of  the  washed  cells  0.6  c.c.  should 
remain  in  the  tube  and  0.9  per  cent.  NaCl  sol.  added  to  15  c.c.  (a  4  per  cent,  sus- 
pension). In  order  to  secure  the  same  density  of  packed  cells  in  the  tube,  it  is 
necessary  to  centrifuge  for  a  definite  number  of  minutes.  It  is  important  to 
have  the  red  cell  suspension  accurately  made  in  order  to  secure  uniformity  in  a 
series  of  tests.  When  ready  for  use,  the  red-cell  suspension  is  gently  shaken,  once 
or  twice,  to  secure  even  distribution  of  cells.  One  c.c.  cell  suspension  is  then 
added  to  1  c.c.  of  venom  dilutions;  1:10,000;  1:15,000;  1:20,000;  1:30,000.  The 
tubes  are  covered  with  tin  foil  and  placed  in  the  incubator  for  one  hour  at  37  C. 
The  tubes  are  then  gently  shaken  and  placed  in  the  ice-box  over  night  when  they 
are  again  gently  shaken,  and  the  readings  taken  one  hour  later.  The  1 :  10,000  tube 
is  used  as  a  control  on  the  dilutions  of  venom,  since  practically  all  human  bloods 
will  hemolyze  in  dilutions  of  1  to  10,000.  If  hemolysis  should  occur  in  higher 
dilutions  and  not  in  the  1  to  10,000  tube,  pointing  to  discrepancy  in  technic, 
fresh  solutions  should  be  made  and  the  test  repeated.  The  readings  are  marked 
as  follows: 

+  +  =  Complete  hemolysis. 
+    =  Incomplete  or  partial  hemolysis. 
—   ■=.  Hemolysis  absent. 

Practically  all  bloods  will  hemolyze  in  dilution  1 :  10,000  and  all  normal 
bloods  in  dilution  1:15,000,  1:20,000  and  1:30,000.  If  no  hemolysis  occurs  in 
1:15,000,  in  1:20,000  and  1:30,000  tubes  the  result  is  strongly  positive;  if  com- 
plete hemolysis  occurs  in  dilutions  1:10,000  and  1:15,000,  but  none  in  1:20,000 
and  1:30,000  the  result  is  positive.  If  complete,  or  almost  complete,  hemolysis 
occurs  in  all  dilutions  including  1:20,000  and  1:30,000,  the  result  is  negative 
(see  plate).  If  complete  hemolysis  occurs  in  all  dilutions  within  one  hour  after 
their  removal  from  the  incubator,  the  cells  are  regarded  as  hypersusceptible  to 
cobra  venom.  Hypersusceptibility  occurs  as  a  rule  in  syphilis  until  the  fifth  or 
sixth  week  after  the  primary  lesion,  and  in  tuberculosis  when  in  an  active  stage. 

REMARKS  ON"  THE  TECHNIC 

It  seems  certain  that  sodium  citrate  plays  an  essential  part  in  the 
reaction,  for  we  have  been  unable  to  obtain  satisfactory  results  without 
it.  lu  fact,  defibrinated  blood  hemolyzes  in  the  dilutions  concerned  in  the 
test  within  twenty-four  hours  regardless  of  the  presence  or  absence  of 
syphilis.  In  addition,  if  citrate  solution  is  added  to  defibrinated  blood, 
the  hemolysis  is  retarded  in  the  case  of  luetic  blood  and  increased  in 
tuberculous  blood  in  a  manner  similar  to  that  which  occurs  when  blood 
is  drawn  into  the  citrate  solution.  The  presence  of  fibrinogen  or  fibrin 
evidently  has  nothing  to  do  with  the  reaction,  and  although  lecithin  is 
present  in  the  blood  plasma,  it  is  probably  not  present  as  such  in  a  free 
or  available  state.  An  appreciable  amount  of  serum  does  not  apparently 
retard  the  hemolvsis. 


Table  2. — Cobra  Venom  Hemolysis  in  Lues  as  Affected  by  Treatment 


Stape 


Years 
Duration 


Treatment 


Cobra   Venom   Dilutions 


1  (J.OOU  15,000  20,000  30,000       Result 


Primary 

1/8 

Second,  active 

5/12 

Second,   latent 

2/3+ 

Clin,  cured. 

10/12 

Clin,   cured. 

1 

Congenital,  act. 
Clin,  cured 

33 

Second,  active 
Clin,  cured 

1/3 

11/12 

Second,  active 
Clin,  cured 

1/2 
3/4 

ad,  latent       2- 

Second,  latent         2 


1,   ad  ive 
i.  latent 

Clin,  cured 

Tei  tiary,  acl  ive 
'I  ertiary,  latenl 
Primary 

'.  active 

i,  latent 

nd,  latenl 

Clin,  cured 


'I  ertiary,  active 
Terl  iary,  latenl 

I  ei '  lary,  latenl 

!.  latenl 
Clin,   cured 


10/12 

1 

1  1   6 

16 

16  1/2 

.;• 
13' 

1/3 

1   3/4 
2 


2   1/2 


>/3  + 


1    1/8 


Hg.  and  lod.  2  weeks.  Salvarsan 
int.  muse.  4  weeks  ago. 

Hg.  and  ]<"!.  4  mo.   Salvarsan  int. 

muse,  "■'_•  in". 
Hg.  and  led.  7%  mo.    Salvarsan 

int.  muse.  7  mo.  ago. 
Hg.    and    lod.    8    mo.      Salvarsan 

0.4    <;.    int.  ven.   •'>   weeks   ago; 

int.  muse.  8%  mo.  ago. 
Hg.    and    lod.    8    mo.     Salvarsan 

0.4  <!.   int.  ven.  3  mo.  ago.  Int. 

muse.   10%   mo.  a_ 

Hg.  and    [od.  4   mo. 

Hg.  and   [od.   15   mo.     Salvarsan 

0.2  gin.   int.  ven.  2   mo.  ago. 
[[■_:.  and  lod.  3  mo. 
Hg.  and  [od.  6  ni".    Salvarsan  0.5 
gin.   int.   ven.   ('>   weeks   ago. 
II;:.   and    lod.   4    mo. 
Hg.   and    [od.  8   urn.   Salvarsan   0.4 
-ni.  int.  ven.  1  mo. 
!!•_'.    and    I'"!,    irreg.    1    JN 

Hg.  and   I'"!,   irreg.    1   year.  Sal- 

\,ii-;ui    (i.4    -in.    int.    ven.    3% 

mo. 

IIl-.  and  [od.  B  tno. 
Hg.  .ni'!  [od.  B  ni".    Salvarsan  0.5 

gm.  im.  vi  n.  Hi  weeks  ago. 
Hg.  an.!  [od.  B  in".  Salvarsan  0.5 

■Jin.  int.  ven.  ' '  -  mo. 

None 
Hg.    and     [od.    4    mo. 

Hg.  and  [od.  1  mo  a  0.4 

-in.  im.  ven.  7  weeks  i 
Hg.  and  [od.  2  mo.   Balvai  Ban  int. 

ven.  3  in",  a'.'". 
II.  and   I>"1.  irreg.  Salvarsan  nit. 

nil-'-.  0  mo.  ago. 
Hg.  am!  [od.  irreg.  Salvarsan  int. 

muse.  9  in",  ago.  0.  i  L'ni.  salvai 
int.  ven.  6  vr» 

■Mini     [od.    4    ni". 

Hg    an. I    [od.    I    mo.     Salvarsan 

,.  Int.  \.  n.  c  weeks  ago. 
Hg.    and    [od.    t    mo.     Salvarsan 

ii  t    int.    ven.    2   in" 
II".   .in.!    [od. 
llL'.  and  [od.  i  arsan  0. i 

:'  .    '..-II.     1 
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Posil  ive, 
Posil  ive. 
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live. 
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CLINICAL    DIAGNOSIS 

In  the  earlier  part  of  our  work  the  complement  fixation  method  of 
Wassermann  was  used  as  a  control,  in  a  limited  number  of  cases.  The 
readings  and  results  were  practically  parallel.  The  list  of  tests  with 
normal  blood  and  bloods  from  individuals  with  no  clinical  evidences  of 
lues,  but  with  other  diseases,  shows  a  negative  result  in  all  except  in 
one  patient  with  morbilliform  erythema.  This  brings  us  to  the  point  of 
interpretation  of  results.  It  may  be  taken  for  granted  that  each  clinician, 
according  to  his  experience,  makes  the  mental  reservation  when  obtaining 
the  essential  points  in  the  history  of  a  patient,  whether  such  a  patient, 
before  further  examination,  is  to  be  classed  as  (1)  surely  luetic,  (2) 
probably  luetic,  or  (3)  probably  non-luetic. 

In  the  diagnosis  of  duodenal  ulcer,  for  example,  a  careful  history  is 
often  of  more  aid  than  the  clinical  findings,  while  in  the  clinical  diagnosis 
of  latent  syphilis,  a  careful  history  dealing  with  the  sequelae  of  each  year 
subsequent  to  the  date  of  the  supposed  infection  is  most  essential. 
Patients  are  so  often  told  after  a  cursory  examination  that  an  earlier 
small  erosion  had  no  significance.  Likewise  because  of  a  neisserian 
infection  the  possibility  of  a  coexistent  hunterian  chancre  is  many  times 
forgotten.  Such  incidents  are  not  rare,  nor  are  extragenital  primaries 
uncommon.  On  the  other  hand,  little  importance  can  be  attached  to  the 
patients'  statements  as  to  the  absence  of  sequelae  following  a  suspected 
lesion.  Many  of  the  manifestations  of  the  disease  may  have  been  present, 
but  their  absence  from  the  patient's  point  of  view  does  not  exclude 
syphilis. 

The  longer  one  works  with  specific  tests  the  more  impressed  does  one 
become  with  the  varied  manifestations  and  effects  of  the  disease.  In 
fact,  as  Cabot  has  stated,  "anyone  may  have  syphilis  and  be  innocent 
of  it."  The  remote  effects  of  the  disease,  in  whatever  form,  are  so 
numerous  and  varied  as  to  keep  every  clinician  on  his  guard.  This  is 
particularly  true  of  the  congenital  forms.  In  fact,  the  symptomatology 
of  congenital  and  latent  lues  is  as  varied  from  a  clinical  standpoint  as 
the  colors  of  Joseph's  coat.  A  considerable  portion  of  so-called  mentally 
deficient  children  suffer  from  congenital  syphilis  (36  per  cent,  of  forty- 
nine  cases,  Corson-White  and  Ludlum21).  Also  a  fairly  large  proportion 
of  apoplectic  seizures  in  comparatively  young  individuals  (under  40), 
if  chronic  nephritis  and  valvular  disease  can  be  excluded,  are  on  a 
luetic  basis. 

Likewise  in  many  cases  of  so-called  spontaneous  or  idiopathic  epilepsy 
developing  after  the  age  of  15,  lues  plays  an  important  role.  Such  an 
instance  was  found  in  Case  80  of  this  series.  The  epileptiform  seizures 
developed  at  the  age  of  21,  six  years  after  an  ignored  and  fors-often 


21.  Corson-White  and  Ludluin :   Jour.  Xerv.  and  Ment.  Dis.,  1910,  xxxvii,  721. 
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primary,  coincidental  with  neisserian  urethritis.  These  attacks  had 
recurred  at  intervals  of  one  month  for  ten  years.  The  cobra  venom 
was  positive  on  two  occasions  and  the  blood  serum  contained  a  markedly 
increased  globulin  precipitate,  using  the  method  described  by  Xoguchi7 
for  cerebrospinal  fluid.  It  was  not  considered  advisable  to  do  lumbar 
puncture  on  the  patient.  Since  the  inauguration  of  antisyphilitic  treat- 
ment four  months  ago,  no  attacks  have  occur 

We  have  on  numerous  occasions  found  it  interesting  to  test  the  blood 
serum  for  increased  globulin,  instead  of  the  cerebrospinal  fluid,  according 
to  the  method  described  by  Xoguchi  for  the  latter.22  It  does  not  appear 
necessary  to  use  the  more  complicated  method  described  by  him  for  blood 
serum,  since  the  globulin  increase  in  syphilis,  if  present  at  all,  seems  to 
affect  as  distinctly  the  blood  serum  as  the  cerebrospinal  fluid,  and  the 
simpler  tesi  often  suffices.  It  is  probably  better,  however,  when  possible, 
to  test,  in  addition,  the  cerebrospinal  fluid  for  increased  globulin,  by  the 
l'utvric  acid  method  of  Xoguchi,  in  any  suspected  form  of  cerebrospinal 
syphilis.  If  cerebrospinal  fluid  is  used,  the  test  is  frequently  positive  in 
cerebral  syphilis  and  general  paralysis,  although  it  may  also  lie  positive 
in  tuberculous  meningitis  and  acute  meningitis  from  other  causes.  The 
test  i-  negative  in  the  psychoses,  in  cerebral  arteriosclerosis,  in  brain 
tumor  other  than  gumma,  and  in  non-inflammatory  meningeal  irritation. 

In  the  experience  of  Corson-White  and  Ludlum,  "the  globulin  increase 

-tantly  accompanies  primary,  secondary  and  tertiary  Byphilis,  tabes 
ami  paresis.  In  paresis  the  test  is  strongly  positive  in  the  blood  and 
cerebrospinal  fluid,  while  in  cerebrospinal  lues  and  tabes,  increased 
b  much  more  constant  symptom  than  the  complement  fixation 
test.  The  non-specificity  of  the  globulin  lest  detracts  from  its  diagni 
importance  but  not  from  its  corroborative  value,  for  the  absence  of  the 
l.utyric  acid  reaction  is  more  proof  of  t ho  absence  of  syphilis-  than  the 
absence  pf  the  Wassermann  reaction.     In  tertiary  Byphilifi  of  the  nervous 

tern  tie-  butyric  acid  test  was  positive  in  94  per  cut.,  the  Wassermann 
in  6^  nt..  while  the  cobra  venom  test  was  positive  in  onlj  22  per 

cenf" 

Corson-White83  has   recently  Btated   that- in  Byphilis  of  tie1  central 

•    m.  genera]  paralysis  ami  tabes   (698  cases)   the  Wassermann 

f •  - r  «:i-  positive  in*82.5  per  cent.,  the  cobra  test  in  38.3  per  cent. 


22.   i"  i  c.o   "f  ii   l"  per  cent,  solution  "f  pure  butyric  acid  in  physioli 

lution,  in  :i  tesi  till--.  0.2  c.c.  "f  bl i  serum  or  cerebrospinal  fluid  is  added. 

The  mixture  is  heated  t<>  boiling,  0.2  c.c  <>f  normal  sodium  hydrate  is  added  and 
tii.-  mixture  again  boiled.  In  tin-  presence  "f  Increased  globulin  :«  definite  ftoccu- 
lent  precipitate  occurs,  either  immediately  <>r  within  an  hour  or  two.  This  pr<>- 
cipitate  must  be  differentiated  from  a  fainl  cloudiness  which  normal  Bers  may 
rive,  i'Ht  it  requires  only  -liL'lit  experience  to  differentiate  between  posith 
negative  reactions. 

Corson-White:    Personal   Communication. 
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THE    INTERPRETATION"    OF    HEMOLYSIS    TESTS 

It  has  proved  instructive  from  many  points  of  view  to  attempt  to 
correlate  the  clinical  history  before  an  hemolysis  test  with  the  subsequent 
findings.  In  fact,  in  satisfying  one's  self  as  to  the  value  of  any  method, 
it  is  essential  to  know  with  some  degree  of  accuracy  what  is  expected  in 
order  to  interpret  results.  This  is  especially  true  in  considering  the 
necessity  for  further  treatment.  An  hemolysis  test  is  but  one  of  the  links 
in  the  chain  of  evidence.  It  is  therefore  believed  that  better  results  may 
be  expected  if  the  clinician  on  whom  devolves  the  responsibility  of  diag- 
nosis and  treatment  has,  under  his  supervision,  the  details  and  control 
of  such  tests  and  a  thorough  understanding  of  the  technic. 

For  example,  it  has  been  noted  by  many  workers  that  tabetics  and 
patients  with  general  paralysis  may  not  give  positive  hemolysis  tests  for 
lues.  Such  results  should  not  necessarily  militate  against  the  tests  or, 
for  that  matter,  against  the  luetic  origin,  since  these  conditions  may  be 
only  the  effects  of  the  earlier,  perhaps  sufficiently  treated,  disease.  In 
fact,  it  is  entirely  possible,  as  suggested  by  Weil,  that  the  luetic  toxin 
makes  selective  action  and  that  when  it  attacks  the  lipoid  or  lecithin 
constituents  of  the  central  nervous  system,  it  spares  these  constituents  of 
the  red  cells.  This  explanation  is  entirely  plausible,  for  we  are  not 
without  examples  of  the  selective  action  of  bacterial  toxins  in  other  types 
of  infections. 

ADVANTAGES     OF    THE    COBRA    VENOM     HEMOLYSIS     TEST 

It  may  seem  unnecessary  to  provide  another  test  for  syphilis,  but 
because  of  certain  advantages  possessed  by  the  venom  test  over  others  in 
vogue,  it  may  not  be  out  of  place  to  lay  stress  on  its  important  features. 
Probably  the  largest  number  of  tests  with  this  reagent  has  been  made 
by  Corson-White,23  who  has  stated  that  2,078  cases  have  been  examined. 
This  number  included  syphilis  in  all  stages  (836  cases),  controls,  cancer, 
tuberculosis,  brain  tumors,  sarcomata,  typhoid,  etc.  She  obtained  positive 
cobra  venom  tests  in  96.2  per  cent,  of  frank  visceral  and  bone  syphilis, 
excluding  cerebrospinal  lesions.  In  latent  (non-active)  cases  the  results 
of  the  test  were  better  than  with  the  Wassermann  or  the  ISToguchi  modifi- 
cation. She  has  also  found  that  the  test  lasts  longer  in  treated  patients 
than  other  hemolysis  tests. 

Schwartz24  found,  in  early  cases  with  little  or  no  treatment,  that  the 
complement-fixation  test  was  more  sensitive  than  the  cobra-venom  test. 
Ad  average  of  his  figures  for  the  early  cases  gave  86.9  per  cent,  positive 
reactions  for  the  former,  and  65.5  per  cent,  positive  reactions  for  the 
latter.  He  found,  however,  in  the  later  untreated  stages  of  the  disease, 
that  the  Weil  test  was  more  sensitive  than  the  Wassermann. 


24.  Schwartz:   New  York  Med.  Jour.,   1912,  xcv,  23. 
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For  the  late  active  cases  with  little  treatment,  the  Wassermann  was 
positive  in  ",  7.5  per  cent.,  the  Weil  in  81.6  per  cent.  In  the  late,  non-active, 
untreated  cases,  the  Wassermann  was  positive  in  only  34.7  per  cent., 
while  the  Weil  was  positive  in  76.3  per  cent.  In  nine  of  the  cases  reported 
by  Schwartz,  there  was  a  definite  history  of  lues  and  the  Wassermann 
reaction  was  negative  although  the  Weil  test  was  positive,  which  shows 
that  the  latter  test  is  more  sensitive  in  certain  old  cases  of  syphilis. 

Table  3. — Comparison  of  Wassermann  and  Weil  Reactions  in  Active  and 

Latent  Syphilis 


POSITIVl      WASSEBMANIS     HI  ACTIONS 


Active  Syphilis      Latent  Syphilis 
Per  cent.  Per  cent. 


Corson-White"   (836  cases)    

Schwartz-'    i  356    cases)     

Wassermaim91    (1,982   cases)     .... 

Fleischmann31  1 1'»2  cases)    

Swift*  (344  cases)    

rummer  and  Dexter28   (4!in  cases] 

Average  per  cent.,  4.200  cases 


88.5 

51.7 

81.5 

42.0 

00.0 

50.0 

93.0 

52.0 

87.6 

54.1 

90.9 

62.8 

88.5 


52.1 


POSITIVE    WED     l:l  \i  TIONS 


Latent  Syphilis 
Per  cent. 


Corson-White23    (83G   cases)     

Schwartz24    (366  cases)    

Stone  and  Schottstaedt   (87  cases) 

Average  per  cent.,  1,279  cases 


SO.) 

66.] 

87.8 

7S.1 


It  hae  been  the  experience  of  those  who  have  worked  with  the  cobra 
venom  hemolysis  teal  in  lues,  thai  the  teal  is  more  sensitive  and  persists 
much  longer  than  the  Wassermann  in  treated  patients.  In  fact,  it  is 
nol  .it  all  anusual  for  a  positive  Wassermann  to  become  negative  after  a 
Bhorl  course  of  treatment.  We  have  been  convinced  personally  thai  many 
of  the  patients  who  a  few  years  ago  were  pronounced  cured,  because  of  the 
absence  of  symptoms  following  faithful  mercurial  treatmenl  for  two  or 
three  years,  were  nol  cured  al  all  bul  were  merely  in  the  latenl  tertiary 
stage  of  the  disease.  Mam  of  these  would  give  a  positive  reaction  to 
either  the  Wassermann  or  th<  Weil  test,  and  a  considerable  proportion 
would  give  a  positive  Weil  reaction  and  a  negative  Wassermann. 


25.  Wassermann:  Quoted  by  Bolduan,  "Immune  Sera,"  1611,  p.  198, 

26.  Fleischmann:  Quoted  by  Bolduan,  "Immune  Sera,"  [011,  p   H'T. 
Swifl :  Tin    \i:-  him  b  Int.  Mi  d.,  1909,  Iv,  876. 

tmmer  and  Dexter:  Ohio  State  Med.  Jour.,  Dec    !•">.  1911. 
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As  mentioned  by  Corson-White  and  Ludlum,21  the  number  of  positive 
responses  to  any  specific  test  in  tertiary  syphilis  falls  very  markedly  from 
the  number  of  responses  given  during  the  secondary  period,  although  the 
results  are  positive  in  higher  proportion  in  active  tertiary  than  in  latent 
tertiary  syphilis.  Such  we  have  found  to  be  the  case  with  the  cobra 
venom  test.  Figures,  however,  are  apt  to  be  misleading,  since  it  is  often 
exceedingly  difficult,  if  not  impossible,  to  tell  whether  a  patient  is  afflicted 
with  active  tertiary  or  non-active  (latent)  syphilis  without  an  hemolysis 
test.  Much  depends  on  the  definition  existing  in  the  mind  of  the  exam- 
iner. We  have  found  the  following  classification  satisfactory,  and  as  such 
it  has  been  used  in  the  tables. 

1.  Primary. 

2.  Secondary. 

a.  active. 

b.  non-active   ( latent ) . 

3.  Tertiary. 

a.  active. 

b.  non-active    (latent). 

4.  Congenital. 

a.  active. 

b.  non-active   (latent). 

5.  Clinically  cured. 

We  have  considered  all  patients  with  symptoms,  such  as  universal 
glandular  enlargements,  mucous  patches  and  roseola  as  secondary  types 
even  though  the  primary  lesion  was  unhealed.  When,  after  a  few  weeks 
or  months,  such  secondary  manifestations  had  disappeared  and  no  symp- 
toms were  present,  we  have  classed  the  type  as  secondary  non-active 
(latent).  If,  after  a  quiescent  period  varying  from  a  few  months  to 
years,  symptoms  again  manifested  themselves,  we  have  classed  the  stage 
of  disease  as  active  tertiary ;  while  if  a  lapse  of  a  number  of  years  occurred 
without  active  symptoms,  we  have  classed  the  stage  of  disease  as  latent 
tertiary,  if  the  hemolysis  tests  were  positive,  or  clinically  cured  if  such 
tests  were  negative. 

The  cobra  venom  test  has  proved  much  less  laborious  and  time- 
consuming  in  our  hands  than  the  complement  fixation  test  of  Wasser- 
mann,  the  final  readings  as  clearly  cut  and  the  possibility  of  error  less 
frequent.  In  a  number  of  instances  the  test  was  repeated  two  or  three 
times  on  the  same  patient  before  beginning  treatment,  and  the  final 
readings  were  found  to  be  remarkably  constant.  In  fact,  on  only  two  or 
three  occasions  have  the  final  readings  been  classed  as  doubtful,  and  the 
tests  have  not,  when  full  consideration  was  given  to  the  clinical  aspects 
of  the  cases,  led,  to  our  knowledge,  to  error  in  interpretation.  On  the 
contrary,  a  positive  Wassermann  reaction  may  lead  to  confusion  in  diag- 
nosis. The  blood  of  one  patient  with  erythema  multiforme  gave  positive 
complement  fixation  tests  made  by  a  colleague,  and  a  negative  cobra 
hemolvsis  test  bv  ourselves.     In  this  instance  the  Wassermann  test  was 
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positive  twice  out  of  three  times.  The  rash  disappeared  on  free  purgation 
and  as  the  patient  has  subsequently  been  under  observation  for  seven 
months,  lues  can  be  absolutely  excluded. 

The  cobra  test,  however,  was  positive,  in  our  hands,  in  another  patient 
with  morbilliform  erythema  but  did  not  lead  to  confusion  in  diagnosis  as 
other  clinical  evidences  of  lues  were  lacking.  Again,  in  a  patient  with  the 
clinical  history  and  glandular  evidences  of  pseudoleukemia,  the  blood 
gave  a  positive  complement  fixation  test  made  by  a  colleague,  while  the 
cobra  venom  test  was  negative. 

This  patient  because  of  the  positive  complement  fixation  test  was 
given  0.6  gm.  salvarsan  intravenously  by  the  attending  physician.  He 
developed  an  edema  of  the  larynx,  abundant  nucleo-  and  serum-albumin 
appeared  in  the  urine,  which  persisted  until  death,  and  the  glands  rapidly 
disappeared,  as  often  happens  under  large  doses  of  any  form  of  arsenic. 
The  glands,  however,  after  a  quiescent  period  of  about  ten  days  enlarged 
again  and  soon  reached  their  former  size.  The  enlargements  persisted 
until  death  about  ten  weeks  later,  despite  vigorous  mercurial  treatment. 
It  is,  of  course,  possible  that  this  patient  had  coexistent  lues  (congenital?) 
and  pseudoleukemia. 

CONTROLS 

The  presence  of  jaundice  has  been  supposed  to  interfere  with  the 
complement  fixation  test,  but  does  not,  so  far  as  known,  interfere  with  the 
cobra  venom  test.  Schwartz  obtained  a  positive  Wassermann  and  a  nega- 
tive Weil  test  in  a  case  of  jaundice.  Scleroderma,  leprosy,  polycythemia 
and  scarlet  fever  have  repeatedly  given  positive  complement-fixation  tests 
for  lues  by  competent  observers.  We  have  had  no  opportunity  to  use  the 
cobra  venom  test  in  such  cases,  but  in  Weil's  reports  he  mentions  negative 
cobra  venom  testa  in  six  cases  of  scarlet  fever,  two  of  polycythemia  and 
«ne  of  scleroderma.  Schwartz,  however,  obtained  positive  cobra  venom 
tests  in  one  patient  with  scleroderma  and  in  another  with  Raynaud's 
disease,  both  of  whom  gave  negative  Wassermann  tests.  Tie  mentions 
that  both  these  conditions  are  looked  on  by  many  as  of  luetic  origin  and 
that  the  Wassermann  teal  has  frequently  been  reported  as  positive  in  both. 

In  120  patients  Beni  to  him  for  diagnosis  it  was  found  that  the 
Wassermann  and  Weil  reactions  agreed  in  124,  or  96  per  cent.  He  also 
found  in  the  examination  of  seventy-five  control  patients  with  various 
diseases  including  cancer,  tuberculosis,  pernicious  anemia,  pneumonia. 
erythema  multiforme  and  other  -kin  diseases,  chancroid,  osteomyelitis, 
periostitis,  acute  arthritis,  hepatic  cirrhosis,  leukoplakia,  scleroderma  and 

oma  that  all  were  negative  to  both  tests.  In  three  other  patient-  with 
advanced  carcinoma,  in  which  the  Wassermann  reaction  was  negative, 
Schwartz  obtained  positive  cobra  venom  tests.  Weil  has  mentioned  q 
positive  cobra  venom  reaction  in  a  patient  with  gastric  carcinoma  who 

subsequent!  d   to  a   syphilitic  infection   twenty  years  previously. 
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Schwartz  obtained  a  negative  Wassermann  and  a  positive  "Weil  reaction 
at  the  first  examination  of  a  patient  with  Addison's  disease.  After  two 
weeks  of  luetic  treatment,  during  which  time  the  patient  improved,  both 
tests  were  positive.  The  patient  probably  had  a  syphilitic  affection  of  the 
suprarenals. 

SUMMARY 

In  four  patients  with  primary  syphilis  the  cobra  reaction  was  positive 
in  only  one,  or  25  per  cent. 

In  twenty-two  cases  of  active  secondary  and  tertiary  syphilis  the  cobra 
venom  reaction  of  Weil  was  positive  in  twenty,  or  90.9  per  cent.  Of  the 
two  which  did  not  give  positive  reactions,  one  was  negative,  while  the 
other  gave  a  "suspicious"  reaction.  The  latter  patient  had  been  on  mixed 
treatment  for  five  years  with  two  recent  injections  of  salvarsan.  If  the 
test  had  been  made  two  months,  instead  of  two  weeks,  subsequent  to  the 
last  injection  of  salvarsan  the  test  would,  in  all  probability,  have  been 
negative  and  he  would  have  been  classed  with  the  "clinically  cured." 

In  thirty-three  cases  of  latent  secondary  and  tertiary  syphilis  the 
cobra  venom  reaction  of  Weil  was  positive  in  twenty-nine,  or  87.8  per  cent. 
Of  the  four  which  did  not  give  positive  reactions,  two  were  negative  and 
two  gave  "suspicious"  reactions.  Both  of  the  latter  had  had  mixed  treat- 
ment for  more  than  one  and  one-half  years  with  no  recent  active  clinical 
signs  of  the  disease.  They  would,  under  ordinary  conditions,  have  been 
classed  with  the  "clinically  cured." 

In  twenty  clinically  cured  patients  the  cobra  reaction  was  negative 
in  all. 

At  this  point  we  wish  to  call  attention  to  the  figures  shown  in  Table  3. 
It  will  be  noticed  that  the  average  positive  Wassermann  reactions,  as 
obtained  in  an  analysis  of  4,200  cases  of  active  syphilis  was  88.5  per  cent., 
while  the  average  positive  Weil  reactions  in  1,279  cases  of  active  syphilis 
was  85.4  per  cent.  The  two  averages  are  approximately  the  same.  On  the 
other  hand,  there  is  a  marked  difference  between  the  averages,  similarly 
obtained,  for  latent  syphilis.  The  Wassermann  positives  in  latent  syphilis 
averaged  52.1  per  cent.,  while  the  Weil  positives  in  latent  syphilis  aver- 
aged 78.1  per  cent. 

In  other  words  the  Weil  cobra  venom  test  lasts  longer  in  treated  cases 
than  the  Wassermann  and  has  given  about  26  per  cent,  more  positive 
responses  in  latent  syphilis  than  the  Wassermann.  Such  a  result  is  of 
especial  value  in  the  latent  stage  of  the  disease  when  clinically  the  diag- 
nosis is,  for  the  most  part,  obscure,  and  when  a  laboratory  test  is  most 
needed  to  supplement  clinical  opinion. 

In  seventeen  cases  of  syphilis,  normals,  parasyphilis  and  other 
diseases  (Table  1)  the  Wassermann  and  Weil  reactions  agreed,  when 
blood  was  used,  in  fifteen,  or  88.2  per  cent.  One  of  these  was  a  tertiary 
active  in  which  the  Wassermann  reaction  was  negative  while  the  Weil 
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test  was  positive;  the  other  was  a  case  of  general  paralysis,  probably  on  a 
luetic  basi-.  with  positive  Wassermann  reaction  in  blood  serum,  positive 
increased  globulin  test  in  cerebrospinal  fluid  and  a  negative  Weil  reaction. 

In  thirteen  cases  of  syphilis,  normals,  parasyphilis  and  other  disc, 
the  Weil  and  Xoguchi  butyric  acid  reactions  agreed  in  eleven,  or  85.4  per 
cent. 

I  u  our  work  with  forty-three  controls  a  negative  Weil  reaction  was 
obtained  in  all  but  one,  a  patient  with  morbilliform  erythema. 

Fourteen  of  the  controls  were  patients  with  tuberculosis  in  an  active 
stage.  In  twelve  of  the  fourteen,  complete  hemolysis  took  place  very 
rapidly  in  all  tubes  in  about  three  hours  as  contrasted  with  about  twenty- 
four  hours  for  normal  blood.  The  two  bloods  which  did  not  hemolyze  so 
rapidly  were  from  patients  who  confessed  to  syphilis  in  earlier  years. 

In  contrast,  then,  to  the  hyposuseeptible  cells  of  luetic  individuals  to 
cobra  venom  hemolysis,  the  cells  of  individuals  in  an  active  stage  of 
tuberculosis  are  apparently  hypersusceptible  to  cobra  venom  hemolysis. 
T  i  tubercle  toxin  appears  to  so  affect  the  stromata-holding  lecithin  of 
the  cells  as  to  render  it  more  freely  available  for  the  union  with  cobra 
venom,  the  exact  opposite  of  which  apparently  occurs  as  a  result  of  the 
action  of  the  luetic  toxin  on  the  lecithin  of  red  cells.  This  suggestion 
may  be  of  value  in  differentiating  syphilis  and  tuberculosis  of  the  lungs 
in  which  the  clinical  diagnosis  might  not  otherwise  be  clear.  Such  an 
instance  occurred  in  Patient  L09,  who  had  been  under  treatment  in  the 
dispensary  for  two  years  for  pulmonary  tuberculosis  which  was  supposed 
to  have  followed  pneumonia  eighi  years  before.  Tubercle  bacilli  had 
nevei  been  demonstrated  nor  bad  the  temperature  been  above  99  degrees, 
although  signs  of  pulmonary  excavation  wer<  present,  hue-  was  denied 
but  the  patient  improved  rapidly  under  specific  treatment. 

Iddendum:  Since  this  article  was  completed  Kuschakoff,"  working  under  the 
direction  of  Wassermann,  has  published  hi-  comparative  results  in  a  Beries  of 
patients  tested  with  the  complement  fixation  method  and  the  cobra  reaction,  lie 
concludes  thai  "the  phenomenon  of  retarded  hemolysis  is  present  in  a  consider- 
able portion  of  cases  with  Byphilis  but  the  cobra  reaction  i-  of  no  practical  value 
unless  controlled,. by  the  Wassermann  reaction/'  A-  will  be  evident  from  his  own 
figures,  Buch  conclusions  are  not  warranted,  for  in  aixtj  seven  cases  of  undoubted 
syphilis  only  twentj  eighi  gave  a  Wassermann  positive  while  thirty-two  gave  a 
cobra  positive;  i.  e.,  ii  pei  cent,  a-  against  18.6  per  cent,  fn  Table  6  of  bis 
article  he  has  stated  that  ol  fifteen  patients  infected  with  syphilis  eight  t<> 
twelve  years  previously,  four  were  Wassermann  positive  and  eleven  wen'  Wassei 
mann  negative,  while  nine  were  cobra  positive  and  six  were  cobra  negative; 
i.e.,  26.6  per  cent.  Wassermann  positive  a-  againBl  tin  pei  cent,  cobra  positive. 
in  eighi  "i  hi-  patients  who  had  received  intensive  treatment  the  cobra  reaction 
was  positive  while  the  Wassermann  reaction  was  negative.  In  twenty-one  con 
trols  the  cobra  reaction  was  negative  in  all.  it  therefore  Beems  farfetched  to 
describe  the  Wassermann  as  a  necessary  control  i"  the  cobra  tesl  Bince  his  own 
figures  entirely  disprove  hi-  assertions. 

_>!•',  ColtOO  Ihiilding. 

29.  Kuschakoff:   Ztschr.  f.  [mmunitttsf..   1912,  \ii.  582. 


THE    INFLUENCE    OF    THEOPHYLLIN    ON    NITROGENOUS 
EXCRETION     AND     PARTITION  * 

CLIFFORD  B.  FARR,  M.D.,  and  WILLIAM  H.  WELKER,  Ph.D. 

PHILADELPHIA 

The  general  plan  of  our  intended  research  (which  has  been  inter- 
rupted by  Dr.  Welker's  removal  from  Philadelphia)  was  to  study  what 
changes,  if  any,  could  be  found  in  the  distribution  of  the  urinary  nitrogen 
after  the  use  of  certain  typical  diuretics,  either  in  healthy  persons  or  in 
nephritics.  As  examples  of  the  purin  group  of  diuretics  we  selected 
caffein  and  theophyllin.  Our  study  of  the  former  has  been  embodied  in 
another  article  already  published  ;*  the  latter  is  considered  in  the  present 
communication.  A  rather  careful  survey  of.  the  literature  of  theophyllin 
has  failed  to  discover  any  previous  study  of  the  nitrogen  partition  under 
its  influence,  though  Meinertz-  made  carefully  controlled  estimations  of 
the  total  nitrogen  output. 

Theophyllin  (1,3-dimethyl-xanthin)  was  discovered  in  1888  by 
Kossel3  in  an  alcoholic  extract  of  tea  leaves  from  which  the  greater  part 
of  the  caffein  had  been  removed.  Fischer4  synthetized  it  from  uric  acid 
while  Traube5  made  a  more  complete  synthesis  (theocin)  ten  years  ago, 
from  which  time  its  general  use  dates.  Administered  in  therapeutic 
doses  (0.5-1.0  gm.  daily)  it  has  been  found  to  produce  prompt  and 
profuse  diuresis  with  an  increase  in  the  amount  of  salts  excreted.  Diu- 
resis may  set  in  within  three-quarters  of  an  hour  and  usually  reaches  its 
maximum  on  the  first  or  second  da}*,  occasionally  later.  Diuresis  may 
be  diminished  by  the  second  day  but  usually  not  until  the  third  or  fourth 
day.  It  ceases  almost  immediately  on  withdrawal  but  the  effect  may  be 
renewed  by  repeating  the  drug.  Caffein  and  theobromin  act  more  slowly 
and  persistently.  It  is  generally  agreed  that  theophyllin  meets  its  best 
indication  in  the  passive  congestion  and  edema  of  heart  disease,  especially 
when  combined  with  digitalis.  Most  clinicians,  basing  their  opinions  no 
doubt  on  the  prevalent  theory  of  its  pharmacology,  consider  it  contra- 


*Submitted  for  publication  May  20,   1912. 

*From  the  Robert  Hare  Laboratory  of  Chemistry,  University  of  Pennsylvania, 
and  the  Philadelphia  General  Hospital. 

*Read  before  the  Section  on  General  Medicine  of  the  College  of  Physicians  of 
Philadelphia,  Dec.  19,  1911. 

1.  Farr  and  Welker:   Amer.  Jour.  Med.  Sc,  March,  1912. 

2.  Meinertz:  (a)  Therap.  Monatsheft,  1903,  xvii,  58;  (b)  Ibid.,  1904.  xviii, 
275. 

3.  Kossel:   Ztschr.  f.  physiol.  Chem..  1888,  xiii. 

4.  Fischer:   Ber.  d.  deutsch.  Chem.  Gesellsch.,  xxx,  549. 

5.  Traube:  Cited  by  Meinertz   (Note  2). 
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indicated  in  acute  nephritis  and  of  doubtful  utility  in  chronic  nephritis. 
Others  take  the  opposite  view.  In  the  ascites  of  cirrhosis  and  in  inflam- 
matory exudates  though  not  harmful,  it  is  said  to  be  of  doubtful  efficacy, 
an  opinion  consonant  with  our  own  experience.  The  unpleasant  or  even 
serious  symptoms  which  occasionally  occur  have  been  attributed  to 
disregard  of  contra-indications,  to  faulty  administration,  to  too  profuse 
diuresis,  to  other  untoward  or  excessive  physiologic  actions,  or  to  acci- 
dental or  unrelated  causes  (e.  g.,  epilepsy). 

The  following  are  the  more  common  unfavorable  or  poisonous 
svmptoms  that  have  been  described :  gastro-intestinal :  heaviness  in  the 
stomach,  nausea,  vomiting,  slight  or  severe  diarrhea;  nervous:  excita- 
bility, restlessness,  headache,  insomnia,  convulsions,  unconsciousness; 
miscellaneous:  faintness,  Cheyne-Stokes  respiration,  uremia,  dependent 
on  rapid  diuresis.  The  gastro-intestinal  symptoms  are  evidently  due  to 
the  irritating  local  effect  of  the  drug,  especially  when  not  properly  diluted. 
One  reporter  found  hemorrhages  into  the  mucous  membrane  of  the 
stomach  at  autopsy  in  one  patient  and  experimentally  in  the  stomachs 
of  animals  to  which  he  had  administered  the  drug.  This  is,  however,  a 
solitary  observation.  The  severe  purgation  described  by  another  author 
as  almost  constant  has  not  been  observed  by  us  in  our  cases  nor  has  it 
been  noted  in  the  majority  of  reports.  The  more  trivial  nervous  symp- 
toms are  evidently  due  to  the  physiologic  action  of  the  drug,  if  we  may 
judge  by  their  similarity  to  those  produced  by  caffein.  Convulsions, 
which  have  been  reported  in  fifteen  or  more  cases,  are  attributed  by 
Schlessinger  to  the  action  of  the  drug  itself.  He  states  that  if  tbe  patient 
survives  the  attack  and  the  drug  is  stopped  recovery  is  the  rule.  It  is 
likely  that  in  a  considerable  proportion  of  these  cases  the  association  with 
convulsions  was  accidental.  Thus,  in  two  of  our  cases  uremic  convulsions 
occurred,  but  in  one  case  before  the  drug  was  administered  and  in  the 
other  long  after  it  had  been  discontinued.  Theophvllin  sodio-acetate  is 
said  to  be  more  soluble  than  theophvllin  and  better  tolerated  by  the 
stomach. 

Theophylliri  is  not  a  cardiac  stimulant,  but  its  effect  on  the  nervous 
fcem  is  similar  to  that  of  cafTcin  though  not  so  pronounced.  Its  action 
on  the  kidneys  though  greater  is  analogous  to  that  of  cafreiu  and  theo- 
bromin  and  is  shared  to  a  greater  or  less  extent  by  all  the  xanthin  group, 
including,  in  addition,  xanthin,  paraxanthin,  heteroxanthin,  methyl- 
xantnin,  isocaffein,  desoxycaffein  and  desoxytheobromin.  Theophyllin 
acts  best  when  the  blood-preeeure  i-  well  sustained,  bnt  dues  not  itself 

-'■'in    to  have   any   pressor  action.      In    rabbits   there   may  lie  a   transient 

rise  in  the  blood-pressure.  \\<  action  cannot,  therefore,  be  readily 
explained  by  the  "mechanical"  theory  of  Ludwig,  which  attributes 
diuresis  to  simple  filtration  through  the  capsule  of  Bowman  with  subse- 


C.     B.     FARR—W.     H.     TYELKER  25 

quent  concentration  by  resorption  in  the  convoluted  tubes.  Most  of  those 
who  have  written  on  the  subject  state  that  it  acts  by  stimulating  the 
specific  secretory  cells  of  the  capsules  and  tubules,  either  because  it  is 
an  irritant  or  because  it  acts  as  a  specific  "hormone."  Hence  they  con- 
sider it  contra-indicated  in  nephritis.  Tigerstedt  is  credited  with  the 
hypothesis  that  caffein  and  theophyllin  dilate  the  renal  vessels,  not 
through  the  vasomotors,  but  by  a  direct  action  on  the  vessel  walls.  This 
dilatation  increases  the  flow  of  blood  through  the  kidney  and  favors  the 
proper  nutrition  of  the  secreting  cells  and  brings  the  necessary  material 
to  them.  This  hypothesis  seems  well  supported  by  experiment,  whereas 
there  is  little  evidence  to  indicate  the  supposed  irritant  action  of  this 
group  of  diuretics  (occasional  transient  traces  of  albumin).  Either  of 
the  last-mentioned  hypothesis  harmonizes  with  the  Bowman-Heidenhein 
theory  of  secretion  which,  briefly  stated,  is  that  water  and  salts  are 
excreted  through  the  capsule  of  Bowman,  and  urea  and  other  specific 
materials  through  the  convoluted  tubes,  etc.,  but  that  in  both  instances 
there  is  a  specific  secretory  activity  not  explainable  by  simple  laws  of 
physics.  Theophyllin,  according  to  previous  studies,  increases  the  elimi- 
nation of  sodium  chlorid  and  water,  but  apparently  has  little  or  no 
influence  on  the  excretion  of  sulphates,  phosphates  or  of  the  total  nitrogen. 
The  tables  given  by  Meinertz2  show  this  admirably.  In  a  normal  case 
with  profuse  diuresis  after  the  drug  a  notable  increase  in  the  NaCl  from 
11  to  15  gm.  was  found  with  a  corresponding  retention  on  the  following 
day.  In  another  case  with  dropsy  there  was  an  even  greater  elimination 
of  ISTaCl  but  no  corresponding  retention  following.  It  is  probable  that 
in  the  latter  case  the  salt  was  derived  from  the  dropsical  fluid  eliminated 
and  did  not  need  to  be  replaced.  In  this  connection  it  may  be  stated 
that  diuresis  in  normal  persons  after  theophyllin  is  promptly  restricted 
by  the  exhaustion  of  the  available  supply  of  fluid,  whereas  in  dropsical 
cases  it  may  continue  for  several  days.  In  clinical  experiments  this  error 
may  be  obviated  by  limiting  the  administration  of  the  drug  to  one  day 
or  by  supplying  enough  water  to  keep  the  available  supply  at  a  more  or 
less  constant  level.  The  latter  method  does  not  permit  us  to  exclude  the 
effect  of  copious  water  drinking  as  a  cause  of  the  increased  flow  of  urine.6 


6.  Articles  consulted  in  the  preparation  of  the  therapeutic  and  pharmacological 
summary  are  as  follows: 

Ach:  Arch.  f.  exper.  Path.  u.  Pharm.,  1900,  xliv,  319. 

Alkan  and  Arnheim:  Therap.  Monatsh.,  January,  1904,  xviii,  20. 

Allard:  Deutsch.  Arch.  f.  klin.  Med.,  1904,  lxxx,  510. 

Asher:   Therap.  Monatsh.,  1908,  xxii,  643. 

Astolfani:    Abstr.   Biochem.  Centralbl.,   1905-6,  iv,  202. 

Brown:    Northwest  Medicine,  January,  1910. 

Chevalier:   Rev.  de  therap.,  1903,  lxx,  73. 

Cushny:  T.  B.  of  Pharmacology,  Phila.,  1906. 

DeMarchis:   Abstr.  Biochem.  Centralbl.,  1905,  iv. 

Doring:  Miinchen.  med.  Wchnschr.,  1903,  1,  Part  I,  No.  9  . 
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authors'    experiments 

For  our  cases  a  uniform  diet  was  employed  to  secure  simplicity  and 
accuracy  in  administration  and  at  the  same  time  to  Bupply  the  necessary 
number  of  calories  and  the  low  proportion  of  protein  desired.  Advantage 
was  taken  of  the  uniform  size  and  weight  of  commercial  soda  biscuits  and 
sugar  lumps  to  eliminate  the  tedious  daily  weighing  of  the  food.  The 
butter  was  at  first  cut  in  blocks  of  the  desired  weight  and  afterward  cubes 
of  similar  dimensions  were  used.  The  orange  juice  was  added  at  the 
suggestion  of  Dr.  liiesman  to  make  the  diet  more  palatable.  The  food 
was  divided  into  three  or  four  meals  to  suit  the  patient's  taste. 

The  "units  of  3  00  calories"  referred  to  in  Table  1  were  calculated  in 
accordance  with  the  suggestion  of  Prof.  Irving  Fisher;7  thus.  ISO  c.c.  of 
orange  juice,  estimated  to  contain  24.5  gm.  of  sugar  (carbohydrate). 
would  yield  loo  calories  (factor  for  carbohydrate  4.1).  Two  thousand 
one  hundred  and  fifty  calories  were  thought  sufficient  for  a  man  of 
70  kilos  at  rest  in  bed  (30  calories  per  kilo)  or  for  a  man  of  50  kilos  at 
Light  work  (40  calories  per  kilo).  The  protein  was  kept  at  a  minimum 
on  account  of  the  character  of  some  of  the  eases  studied. 

In  each  case  studied  the  diet  was  <:iven  for  three  days  before  any 
specimens  were  collected  (period  of  diet  adjustment).  Then  followed 
a  "normal  period"  and  "experimental  period"  and,  when  possible,  an 
"after  period"  of  two  or  three  days  each.  The  urine  was  collected  in 
bottles  sufficiently  large  to  hold  the  twenty-four  hour-"  secretion  to  which 
a  suitable  quantity  of  powdered  thymol  had  been  added.     The  volume. 


Dresser:   Pfltiger'a  Arch.  f.  d.  ges.  Physiol.,  1004,  cii.  1. 

Gutman:   Arch.  f.  Kinderh.,  L904,  wxiv. 

Bess:  Therap.  Monatsh.,  ion:;.  wii.   196. 

Hornburger:  Therap.  Monatsh.,  1906,  \i\.  4.vj. 

Howell:  Text   Honk  of  Fnysiol.,  Phila.,  L909,  p.  803. 

Hundt:  Therap.  Monatsh.,  L904,  wiii. 

JacobsBUs:  Therap.  Monatsh.,  L904,  wiii.  564. 

Kramer:   Munchen.  med.  Wchnschr.,  1903,  1.  Pari   I.  p.  r> 4 7 . 

Lowenmayer:  Therap.  d.  Qegenw.,  1904,  iv. 

Loewi:   Ai.-tr.  Biochem.  Centralbl.,  1906-6,  iv.  286. 

Mcvcr:  Therap.  Monateh.,  ion.  jocv,  No.  1. 

Minkowski:     Ther.  d.  Gegenw.,  November,  1902? 

Bchlesinger:    (a)    Munchen.    med.    Wchnschr.,    1905,    wiii.    1095;    (b)    [bid., 

'I  berap  d.  Gegenw.,  March,  1903. 
Seiuni.lt:  Cal  State  Jour.  Med.,  August,   1910,  viii,  263. 
Schiemdeberg:    Deutsch.  Arch.  f.  klin.   Med.,   1 904*5 j  Izxxii,  395. 
Schmitt:   Bull  gen.  de  therap.,  1908,  exhri  -Jix. 
Biegel:   Berl.  klin.  Wchnschr.,  1904,  No.  I,  18. 
Bommer:  Therap.  Monatsh.,  June,  1905,  six,  286. 
Btein:   Prag.  med.  Wchnschr.,  1903,  sxviii,  No.  16,  p.  182. 
Btross:  Wien.  klin.  Rundsch.,  1903,  wii.  359, 
Buter:   Korresp.-bl.  f.  Bchweitz.    tarzte,  1904,  \ii. 
Theoharl  and  Giurea:   Abstr.  Ztschr.  f.  Biochem.,  1910,  p.  loon. 
Thomas:  Bull  gen.  de  Therap.,  1908,  exly,  BOO. 
7.  Fischer:  Jour.  Am.  Med.  Assn.,  April  'in,  1007. 
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reaction  and  specific  gravity  were  taken  and  the  ammonia,  nitrogen  and 
creatinin  at  once  determined.  At  the  end  of  each  "period"  an  "aliquot" 
portion  of  each  specimen  was  taken  and  the  other  nitrogen  estimations 
made  in  this  mixed  sample.  The  first  table  in  each  case  showed  the  daily 
records;  the  second  the  amount  of  each  constituent  in  terms  of  nitrogen 
for  each  period;  the  third  the  calculated  average  per  day  for  each  period, 
and  finally,  the  percentage  of  each  constituent  on  the  basis  of  the  total 
nitrogen.  In  these  tables  the  quantity  of  ammonia  nitrogen  and  creatinin 
nitrogen  for  each  period  was  obtained  by  getting  the  average  of  the  daily 
estimations,  whereas  the  other  figures  were  obtained  by  one  estimation  in 
an  aliquot  specimen  of  the  whole  period.  The  reason  for  this  difference 
of  method  is  that  the  ammonia  and  creatinin  can  only  be  accurately  deter- 

Table   1. — Low   Proteix  Diet  for   Study  of  Metabolism  in   Nephritis,  Etc. 


Amount 

o  #s 

03   "Z 

5  "p 

CD 

Units 
of  100 

Calories 

Protein 

(  a  lories 

Fat 

Calories 

II 

Sh    C3 

rj 

Milk,  1  200  c.c 

Butter.  32  gm 

40.5 

.5 

18.0 

8.5 
2.5 
8.0 
2.0 
.5 

162 

2 

72 

442 
248 
160 

246 

Soda  biscuits,  260  gm.   (32  Uneedas)  .  .  . 

Sugar,  48  gm.  (6  domino  lumps)    

Orange  juice,  90  c.c 

568 

200 

50 

Total   calories    

59.0 

21.5 

236 

850 

1,064 
850 
236 

2,150 

Water  1  liter.     Total  fluid  2.250  c.c. 

mined  in  the  fresh  urine,  whereas  urea,  uric  acid,  etc.,  remain  unaltered 

in  a  properly  preserved  specimen  and  can  be  examined  as  convenience 

dictates.     The  methods  of  analysis  used  were  the  same  as  described  by 

one  of  us  in  a  previous  article.8     The  recorded  figures  were  in  all  cases 

averages  of  two  or  more  closely  agreeing  results. 
\ 

Case  1. — A  normal  man,  weighing  120  pounds,  at  light  work.  On  the  second 
day  of  the  experimental  period  the  theophyllin  was  diminished  on  account  of 
malaise,  dryness  of  the  nose  and  skin,  nervousness,  tremor  and  anorexia. 

Case  2. — A  man  suffering  from  neurasthenia  but  otherwise  normal.  The 
same  diet  was  used  as  in  the  previous  cases  but  no  theophyllin  was  given.  The 
analyses  were  made  by  Dr.  G.  J.  Saxon  by  whose  courtesy  I  am  able  to  present 
these  results  as  a  control. 


8.  Ditman  and  Welker:  New  York  Med.  Jour.;  May  15.  22,  29;  June  5,  1909. 
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Case  3. — A  man,  weighing  approximately  150  pounds,  at  rest  in  bed.  The 
diagnosis  was  chronic  interstitial  nephritis  complicated  by  uremic  convulsions. 
Clinically  he  made  a  complete  recovery. 

Case  4. — A  man  of  average  weight  at  rest  in  bed.  The  diagnosis  was  chronic 
diffuse  nephritis  with  hypertrophy  of  the  heart,  arteriosclerosis,  hypertension  and 
generalized  eczema.  The  onset  was  with  severe  itching  as  the  dominant  if  not 
sole  symptom.  He  died  from  uremia  (convulsions)  about  a  month  after  the 
urinary  studies  were  made. 

DISCUSSION     OF     EXPERIMENTS 

In  the  latter  two  cases  the  albumin  was  so  small  in  amount  at  the 
time  of  the  examinations  that  we  did  not  need  to  take  it  into  account  in 
our  estimations,  a  circumstance  that  facilitated  our  estimations  very 
materially. 

The  detailed  histories  of  these  cases  as  well  as  the  complete  analytical 
tables  have  been  printed  in  the  Philadelphia  General  Hospital  Reports 
for  19109  and  are  therefore  available  for  reference.  It  has  seemed  best 
in  the  present  paper  for  the  sake  of  brevity  and  clearness  to  condense 
these  tables  into  one  (Table  2)  so  as  to  emphasize  the  more  important 
points  at  the  expense  of  somewhat  confusing  details.  The  cases  and 
tables  have  not  been  numbered  to  correspond  with  the  hospital  record 
but  can  be  easily  identified. 

If  we  compare  the  average  daily  quantities  as  given  in  Part  I  of  the 
table  a  noteworthy  diuretic  effect  is  apparent  in  Cases  1  and  3  and  a 
complete  lack  of  it  in  Case  4.  The  unfavorable  clinical  course  of  the 
latter  case  indicates  that  this  was  due  to  renal  insufficiency,  possibly 

ravated  by  a  stimulus  which  was  as  apparently  beneficial  in  Case  3. 
The  diuresis  was  more  prompt  and  fugacious  in  Case  1,  more  slow  and 
persistent  in  Case  3.  If  the  original  tables  are  consulted  it  w\ll  be  found 
that  the  patient  in  Case  1  during  the  second  period  excreted  800  c.c.  more 
than  would  have  been  the  ease  had  the  normal  average  continued,  while 
in  the  third  period  there  was  a  corresponding  retention,  but  of  less  degree. 
In  the  third  case,  if  estimated  in  the  same  way,  500  c.c.  more  were  excreted 
in  the  three  experimcuta]  days  than  would  otherwise  have  been  the  ci 
In  the  fourth  patient  there  'was  an  oven  more  striking  effect  in  the 
opposite  sense.  Tt  will  be  recollected  that  this- patient  did  not  improve 
on  this  or  any  other  treatment  and  eventually  died  of  uremia. 

The  average  daily  totbl  nitrogen  is  shown  in  the  column  marked 
Pan  II.'  ases  l  to  3,  ranging  from  a  minimum  of  8.0  to  8.7  gm.,  probably 
represent  normal  variations  on  the  dierl  given.  In  Cases  l  and  ■">  there 
was  a  slight  diminution  after  theophyllin,  whereas  Meinertz8  found  a 
similar  slight  variation  in  the  opposite  direction.  This  would  seem  <<> 
verify  his  conclusion  that  t!>  alteration  was  too  slight  to  merit  attention. 
In  Case  1  the  total  nitrogen  during  the  "normal  period"  was  less,  while 
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after  theophyllin  it  was  very  much  reduced.  This  was  probably  an 
expression  of  renal  insufficiency,  possibly  aggravated  by  the  drag. 

Part  III  of  the  table  shows  the  percentage  findings  of  the  various 
constituents  on  the  basis  of  the  total  nitrogen.  The  ammonia  nitrogen 
was  fairly  constant  for  each  case  though  absolutely  high  in  Case  3.  The 
urea  in  the  third  period  of  Case  1  was  moderately  diminished  relatively. 
and  the  undetermined  bodies  (and  to  a  less  extent  the  ammonia) 
increased.  This  was  parallel  with,  and  possibly  dependent  on,  unpleasant 
symptoms  produced  by  the  drug.  In  Case  3,  on  the  other  hand,  the  urea 
nitrogen  was  low  in  the  preliminary  period  and  the  ammonia  and  unde- 
termined  nitrogen  percentages  high.  In  this  case  the  metabolism  appar- 
ently became  normal  under  theophyllin,  though  not  necessarily  because 
of   it. 

The  uric  acid  and  purin  body  nitrogen  was  low  in  all  the  examinations 
on  account  of  the  character  of  the  diet.  In  Cases  2  and  -4  the  uric  acid 
was  very  small  in  amount,  but  there  was  a  corresponding  increase  in  the 
purin  bodies.  The  creatinin  was  practically  uniform  for  each  patient 
in  accordance  with  the  usual  experience. 

CONCLUSIONS 

Tn  conclusion  it  may  be  stated  that  theophyllin  promoted  the  excretion 
of  fluid  in  two  of  our  cases  but  apparently  did  not  affect,  or  even  slightly 
diminished,  the  excretion  of  nitrogen.  In  a  case  of  diffuse  uephritis 
(Case  1)  diuresis  failed  to  develop  and  the  nitrogen  elimination  was. 
Bharply  reduced. 

In  a  case  of  chronic  interstitial  nephritis  (Case  3)  the  urinary  parti- 
tion wa-  apparently  changed  by  the  drug  bo  that  it  approached  more 
Dearly  the  normal.  This  may  have  been  due  to  natural  causes  incident 
to  convalescence. 

The  slight  or  doubtful  influence  of  theophyllin  on  nitrogen  excretion 
ami  it-  pronounced  influence  on  the  excretion  of  water  and  sodium 
chlorid*  that  this  substance  may  act  principally  on  the  capsule  of 

Bowman  and  little  if  at  all  oil  the  tubules  (  Bowman-Heidenhein  theory). 
It-  failure  to  act  in  Case  1  might  then  be  attributed  to  extensive  involve- 

•  t  of  the  glomeruli10 

The  work  described  in  tlii-  paper  waa  suggested  i>\  Dr.  I):i\iil  Riesman,  who 
also  permitted  us  t<>  use  lii-  wards  ;<t  the  Philadelphia  General  Hospital.  We 
desire  t"  expri  ur  appreciation  <>f  lii-  kindly  interest. 


10.  Suggestion  oi  Dr.  II.  C.  Wood,  -Fr..  in  the  discussion. 


PRELIMINARY  PAPER  OX  SOME  UNFAMILIAR  AND 

SOME  NEW  PERIOSTEAL  REFLEXES* 

A.  MYERSON,  M.D. 

ST.   LOUIS,   MO. 

The  reflex  activity  of  the  nervous  system  is  one  of  its  most  remarkable 
properties,  and  as  such  has  engaged  the  earnest  attention  of  scientists. 
On  the  clinical  side  the  discovery  of  reflex  pupillary  changes  in  disease, 
particularly  the  phenomenon  of  Argyll-Robertson  and  the  elicitation  of 
the  knee-jerk  by  Erb  and  Westphal,  opened  up  a  field  of  research  work 
the  results  of  which  make  up  a  large  part  of  our  present  day  neurological 
diagnostic  means.  The  discovery  of  the  ankle-jerk  by  Gowers  and  the 
establishment  of  its  great  clinical  value  by  Sarbo,  Ziehen  and  others ;  the 
remarkable  great-toe  phenomenon  of  Babinski  and  its  modified  forms  as 
elicited  by  the  technic  of  Oppenheim  and  Gordon,  stimulated  a  great 
many  workers  and  at  the  present  time  almost  all  the  cutaneous  surfaces 
'  and  tendons  have  been  searched  for  characteristic  reflex  phenomena. 

A  group  of  reflexes  which  has  with  all  this  research  activity  received 
only  scattered  and  isolated  attention  and  has  not  as  yet  been  incorporated 
into  routine  neurological  investigation  is  the  so-called  periosteal  group. 
Without  here  going  into  the  complete  history  of  the  work  done  in  this 
field,  it  is  interesting  to  note  that  Erb  recorded  a  few  of  these  reflexes 
as  did  Strumpell,  Sternberg  and  others  of  the  pioneers  in  reflex 
researches.  In  later  years  a  few  workers  have  systematically  investigated 
this  or  that  group  of  periosteal  reflexes  —  notably  Valobra  and  Bertolotte, 
Xoica  and  Strominger  in  France,  Hirschberg,  Keller,  Huisman,  Forster 
and  others  in  Austria  and  Germany  as  well  as  Bechterew  in  Russia. 

Since  the  reflex  function  of  the  body  may  fail  at  one  place  and  yet 
be  well  preserved  and  even  exaggerated  in  another,  for  example,  as  the 
ankle-jerk  often  fails  before  the  knee-jerk  in  tabes,  or  as  the  Argyll- 
Robertson  pupil  may  be  associated  with  lively  arm  reflexes  and  absent 
knee-jerks,  or  in  the  often  noted  dissociation  of  tendon  and  skin  reflexes, 
so,  a  priori,  the  periosteal  reflexes  stand  out  as  at  least  a  fitting  subject 
for  research.  It  was  this  consideration  that  led  me  over  a  year  ago  to 
include  in  my  routine  neurological  work  the  study  of  the  reflexes  obtained 
from  certain  bony  areas  and  this  paper  is  a  preliminary  report  of  some 
of  the  results. 


*Manuscript  submitted  for  publication.  April  19,  1912. 

*Read  before  Medical  Sciences  Club,  St.  Louis,  March  12,  1912. 
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The  reflexes  to  be  considered  are  as  follows : 

1.  One,  or  rather  a  series,  obtained  by  tapping  with  the  ordinary 
reflex  hammer  and  with  moderate  force  the  ulnar  styloid  process.  This 
is  best  obtained  with  the  patient  lying  on  his  back,  his  elbow  flexed  at 
an  obtuse  angle  and  resting  on  his  bod}*.  It  goes  without  saying  that 
in  all  reflex  examinations  the  patient  must  be  as  nearly  relaxed  as 
possible,  and  the  parts  stimulated  and  those  reacting  must  be  bare.  With- 
out stripping  the  parts  examined  no  scientific  accuracy  can  be  claimed 
for  any  examination. 

Following  this  stimulation  there  results:  (a)  a  contraction  of  the 
triceps  described  by  Bechterew,  a  quick  sharp  contraction  often  unat- 
tended by  movement  of  the  arm;  (b)  a  contraction  of  the  posterior  fibers 
of  the  deltoid,  which  occurs  about  as  often  as  Type  A;  (c)  a  combination 
of  both  these;  (d)  when  the  response  is  very  active,  the  reflex  spreads 
to  the  supraspinati  and  infraspinati,  the  rhomboids,  the  trapezius  and  the 
biceps.  In  general  this  reflex  is  an  extensor  response  and  may  well  be 
contrasted  with  that  obtained  from  stimulation  of  the  radial  styloid  which 
is  a  flexor  response  with  contraction  either  of  the  supinator  or  biceps, 
or  both,  and  in  some  cases  spreading  to  pectoralis,  anterior  fibers  of  the 
deltoid  —  the  well  known  and  routine  radial  reflex. 

I  have  described  the  ulnar  styloid  reflex  as  if  its  reflexogenous  zone 
were  limited  to  the  bony  process  named,  but  as  a  matter  of  fact  the  reflex 
may  be  elicited  from  any  part  of  the  ulna  and  even  from  the  carpus  and 
metacarpus.  However,  it  is  best  elicited  from  the  styloid,  and  as  one 
goes  up  the  forearm  the  type  of  reflex  changes  somewhat. 

2.  A  series  of  homolateral  and  contralateral  adductions  or  responses 
obtained  from  different  bony  points  of  the  lower  limb.  Most  of  these 
have  been  sporadically  described;  some  have  been  systematically  studied. 
but  no  one,  so  far  as  I  know,  has  noted  the  relationship  existing  between 
the  force  and  frequency  of  homolateral  and  contralateral  reflexes  as 
obtained  from  each  bony  point.  In  addition,  one  at  least  of  the  Bitee 
stimulation  is  here  described  and  one  or  two  others  here  receive  their 
first  systematic  treatment. 

The  technic  is  Bimple.    The  patienl  or  subjecl  Lies  on  a  table,  his  ban1 
limbs  symmetrically  disposed,  moderate^   abducted   at  the  hip  and  in 
general  in  an  easy,  natural,  relaxed  attitude.    In  some  cases  it  is  oecesE 
to  rotate  the  leg  slightly  outward.    Percussion  of  certain  areas  gives  the 
following  responses : 

A.  A  homolateral  adductor  obtained  from  the  internal  condyle,  the 
tnosl  common  responi 

B.  A  contralateral  adductor,  obtained   from  the  same  spol 
accompanied  by  the  homolateral,  much  less  common  and  generally  less 
livelv. 
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C.  A  homolateral  obtained  from  the  anterior  surface  of  the  tibia, 
best  elicited  from  the  middle  of  the  shaft,  somewhat  sharper  than  the 
internal  condylar  response  and  nearly  as  frequent. 

D.  A  contralateral  from  this  area  generally  accompanied  by  the  homo- 
lateral and  less  active  than  it. 

Therefore  the  contralaterals  from  these  two  points  are  constantly 
accompanied  by  a  homolateral  of  somewhat  greater  force  and  of  much 
greater  frequence.  I  have  not  been  able  to  determine  whether  there  was 
any  difference  in  the  time  of  inception.  The  homolateral  and  contra- 
lateral responses  have  been  described,  but  their  relationship  does  not  seem 
to  have  been  observed  and  seems  to  me  to  be  interesting,  to  say  the  very 
least.  It  will  be  noted  that,  their  relationship  is  in  accord  with  Pfliiger's 
laws  regarding  the  spread  of  reflexes. 

E.  A  homolateral  obtained  from  the  external  condyle. 

P.  A  contralateral  from  the  same  area,  more  common  and  generally 
more  lively  than  the  homolateral,  thus  reversing  the  rule  of  the  previous 
reflexes.  These  external  condyle  reflexes,  if  described,  have  not  been 
systematically  studied. 

G.  A  homolateral  from  the  sole  of  the  foot,  always  accompanied  by 
H.  A  contralateral  from  the  sole  much  livelier  and  of  more  frequent 
occurrence  than  the  homolateral.  That  is,  in  my  observation  the  contra- 
lateral often  exists  alone  but  never  the  homolateral.  This  reflex  was 
described  by  Hirschberg  and  extensively  studied  by  Valobra  and  Berto- 
lotte  as  well  as  by  Keller.  It  is  more  common  than  the  external  condyle 
response  but  less  common  than  the  first  two  groups  described. 

I.  The  anterior  superior  spine  gives  a  contralateral  adductor  response 
as  well  as  a  homolateral,  the  first  being  generally  livelier.  This  reflex 
was  pointed  out  to  me  by  Dr.  W.  W.  Graves.  The  crest  of  the  ilium 
near  it  gives  a  homolateral  response  which  is  livelier  than  the  contra- 
lateral less  frequently  elicited.  These  reflexes  I  have  not  studied  exten- 
sively and  they  are  possibly  rarer  than  the  rest. 

These  periosteal  reflexes  are  best  elicited  from  the  areas  mentioned 
but  where  they  are  at  all  lively  the  reflexogenous  zone  is  much  broadened. 
For  example,  the  tibial  site  often  spreads  until  it  includes  the  internal 
condyle  and  the  dorsum  of  the  foot.  It  is  curious  to  note  that  down  to 
the  very  sole  of  the  foot  the  homolaterals  will  be  livelier  than  the  contra- 
lateral, but  as  soon  as  the  sole  is  percussed  the  relationship  is  reversed. 
The  change  of  type  is  marked  as  one  passes  from  the  internal  to  the 
external  condyle  and  the  same  is  true  of  the  spine  of  the  ilium  as  com- 
pared with  the  crest.  Indeed,  while  as  previously  mentioned  the  internal 
condyle  and  tibial  response  seem  to  prove  Pfliiger's  law  that  where  homo- 
lateral and  contralateral  responses  are  elicited  from  any  site  the  former 
is  more  lively  than  the  latter,  the  external  condylar,  the  sole  and  the 
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iliac  spinal  responses  show  that  it   is  by  no  means  the  universal  rule. 

This  discrepancy  between  so-called  laws  and   facts  was  pointed  out  by 

_     ■.  and  by  Lewandbwsky  as  a  resnlt  of  their  animal  experiments. 

!'     -  sary  at  this  juncture  to  poinl   out  a   factor  which  often 

changes  the  ab<.\  Ltionship  of  the  contralateral  and  homo- 

ral  responses.    It  has  been  assumed  in  this  di  m  that  the  ren 

equal  on  both  sides.     If.  however,  ilexes  on  the  one  side  are 

i  lier  than  on  the  other,  then  it  sometimi  -  that  all  the  adductor 

sponses  of  that  side,  whether  elicited  from  bony  points  on  that  or  the 

op]  .  will  be  the  livelier. 

I  have  studied  tl  correlation  with  all  the  routine  reflexes 

of  arms,  lower  extremities,  pupils,  with  Babinski,  Gordon,  Oppenheim, 
with  the  skin  reflexes  and  sensation,  with  the  conditions  of  the  thyroid 
gland,  the  cardiovascular  system  and  the  bony  framework,  particularly 
the  shape  of  the  scapula1  (scaphoid  scapula  of  Graves)  as  well  as  in 
about  i'  n  which  spinal  puncture  and  Wassermann  reactions  were 

n< — in   other  words,   with   the  whole   individual,  as   emphasized   by 
Gra     -.     In  a   later  pap  11   analyze  my  results  and   discuss  the 

plr  ■  :'  th  Be  reflexes,  but  at  present  1  shall  contenl  myself  with  a 

few  gi  neral  correlations. 

INCIDENT  i:     IV     HEALTH 

To  this  I      amined  sixty-two  medical  students  of  St.  Louis  Uni- 

versity.    Briefly  summarized   the  results  were  as  follow-: 

A.  Aboi  at.  showed  none  of  these  reflexes.  The  tendon 
refli  ■  generally  moderate;  in  some  cases  there  was  absence  of  the 
radial  response;  in  others  the  knee-jerk  was  elicitable  by  reinforcement. 
Others  represented  the  finest  physical  types  examined. 

B.  About  60  per  cent,  gave  either  a  homolateral,  or  tibial  and  internal 
condyle  adductor,  i  lly  both,  and  mosl  of  these  individuals  also  gave 
an  ulnar  styloid.     In  Done  oi  thi  -  wore  the  reflexes  more  than 

tely  livdy  and  the  zones  of  elicitation  were  rather  limited.    The 
'  >rally  lively. 
1      AKowi   to  per  cent.-gave  weak  or  an  occasional  contralateral  Bole 
response.    The  tendon  refl  aerally  livelier  (ban  the  group  jus! 

ibed. 
I ».  1 1  sixty-two  men,   four  gave  marked  contralateral  external 

condylar,  sole,  etc.,  n  One  of  these  bad  by  his  history  a  typhoid 

myelitis  thn  before;  two  bad  very  large  and  pulsating  thyroids 

and  showed  "hyperthyroidism,"  and  one  had  Bigns  of  nervous 

disease,  pupillary  anomalies,  etc.  In  other  words,  these  four  cannot  be 
called  do]  mal,  healthy  men. 
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GEXERAL     CORRELATION     WITH     THE     TEXDOX     REFLEXES 

1.  All  observers  agree  that  the  activity  of  these  reflexes  is  in  direct 
relationship  with  that  of  the  tendon  reflexes;  i.  e.,  they  are  active  when 
the  latter  are  active,  diminished  or  absent  when  the  tendon  reflexes 
diminish  or  disappear. 

2.  If  the  tendon  reflexes  are  equal,  then  the  periosteal  reflexes  are 
generally  equal,  although  occasionally  there  is  a  discrepancy. 

3.  If  the  tendon  reflexes  are  unequal  then  the  periosteal  reflexes  are 
unequal.  This  needs,  in  the  case  of  the  adductors,  an  illustration.  If, 
for  example,  the  right  knee-jerk  is  livelier  than  the  left,  then  the  right 
homolateral  adductor  responses  will  be  greater  than  the  left  and,  more- 
over, the  contralaterals  elicited  from  the  left  side  will  be  livelier  than  the 
left  contralaterals  elicited  from  the  right  side. 

4.  In  regard  to  the  adductor  responses,  it  may  be  stated  that  they  have 
no  relationship  to  the  ankle- jerk,  since  they  may  exist  when  these  are 
absent,  provided  the  knee-jerks  are  lively,  as  happens  in  incipient  tabes. 
On  two  occasions  I  have  seen  this  remarkable  phenomenon  —  ankle-jerks 
absent,  tapping  the  Achilles  tendon  gave  very  lively  adductors.  Xow 
while  homolaterals  and  contralaterals  are  often  elicited  with  the  ankle- 
jerk  from  the. tendon,  their  occurrence  without  the  tendon  reflex  is 
certainly  a  significant  phenomenon. 

5.  These  reflexes  have  no  relation  to  Babinski,  except  as  lively  tendon 
reflexes  have. 

GEXERAL     CORRELATIOXS    WITH    DISEASE 

1.  These  reflexes  are  very  prominent  in  diseases  of  the  cortex,  particu- 
uarly  in  uncomplicated  general  paresis.  They  are  often  exquisite  in 
cerebral  arteriosclerosis  and  in  both  these  disease  types  the  zones  of 
elicitation  are  very  extensive. 

2.  In  diseases  of  the  pyramidal  tract  they  are  marked.  In  uncompli- 
cated hemiplegia  they  are  present  on  both  sides  but  greater  on  the  affected 
side,  provided  no  great  degree  of  contraction  of  the  adductors  interferes. 

3.  In  full-fledged  tabes  they  are  absent.  In  pre-ataxic  tabes,  with 
retention  of  the  knee-jerks,  they  are  often  very  lively,  particularly  the 
homolaterals  and  the  contralateral  sole.  This  is  in  line  with  the  view 
that  there  is  a  stage  of  increased  reflexes  in  tabes. 

4.  In  exophthalmic  goiter  they  are  often  very  much  in  evidence,  which 
is  in  line  with  the  other  apparently  irritative  phenomena.  In  people 
with  large  goiters  without  definite  symptoms  they  are  less  frequent. 

5.  In  neurasthenia  the  homolaterals  may  be  prominent  but  where  the 
contralaterals,  particularly  of  the  external  condylar  and  the  iliac  spinous 
are  present,  and  where  the  reflexogenous  are  broadened,  a  close,  searching 
physical  examination  will  generally  show  the  neurasthenic  state  to  be 
merely  a  symptom  of  graver  nervous  disease. 
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In  conclusion  it  may  be  said  thai  these  periosteal  reflexes  are  inter- 
esting and  therefore  meril  investigation.  Moreover,  in  the  case  of  those 
described  they  are  elicited  from  easily  accessible  surfaces  and  should  be 
incorporated  into  routine  examinations  because  in  every  ease  they  offer 
so  much  additional  information  regarding  the  reflex  irritability  of 
the  patient. 

Alexian  Brothers  Hospital. 
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A     CONSIDERATION     OF     THE     PAXCEEAS     AXD     ITS 
DUCTS    IX    CONGENITAL    OBLITERATION 

OF     THE     BILE-DUCTS  * 

ALFRED  F.  HESS,  M.D. 

NEW  YORK 

Congenital  obliteration  of  the  bile  ducts  is  a  rare  disease,  but  hardly 
sufficiently  uncommon  to  warrant  the  report  of  a  single  case,  unless  it 
presented  unusual  symptoms,  or  served  as  the  ground-work  for  some  new 
conception  of  the  symptomatology,  pathogenesis,  or  pathology  of  this 
obscure  condition.  The  excuse  offered  for  this  presentation  of  a  case  is 
that  the  application  of  a  new  method  of  study  during  life  led  to  a  some- 
what broader  point  of  view  of  this  pathological  condition.  In  the  course 
of  a  clinical  study,  carried  on  at  intervals  for  about  six  weeks  on  an 
infant  afflicted  with  this  condition,  the  duodenal  catheter  was  frequently 
employed,  in  order  to  obtain  information  as  to  the  excretion  into  the 
intestine  of  bile  as  well  as  of  the  pancreatic  ferments.  This  catheter  has 
been  described  in  connection  with  a  study  of  spasm  and  stenosis  of  the 
pylorus,1  of  icterus  neonatorum,-  and  of  the  flora  of  the  duodenum  in 
infants,3  so  that  it  is  not  necessary  for  the  technic  to  be  again  reviewed 
in  detail.  The  accompanying  cut  (Fig.  1)  shows  the  simple  apparatus, 
which  consists  of  an  ordinary  Xelaton  Xo.  15  (F.)  catheter,  marked  in 
an  appropriate  manner,  and  of  a  glass  aspirating  bulb.  As  has  been 
stated  in  previous  articles,  this  catheter  can  be  readily  and  rapidly  passed 
into  the  stomach,  and  through  the  pyloric  sphincter  into  the  duodenum, 
in  infants,  from  the  day  of  birth  to  the  age  of  about  2  years.  By  this 
means  bile  and  the  ferments  of  the  duodenum  and  pancreas  may  be 
obtained  for  examination. 

REPORT     OF     CASE 

M.  E.  was  admitted  to  the  hospital  Dec.  19,  1911.  when  7  weeks  old. 

Family  History. — First  child,  pregnancy  and  delivery  normal;  no  history  of 
miscarriages. 

Present  History. — History  of  early  and  increasing  jaundice;  exact  date  of 
onset  uncertain;  nursed  by  mother  irregularly. 

Examination. — At  date  of  admission  the  infant  was  markedly  yellow,  fairly 
well  nourished,  weight  9  pounds  4  ounces.  Liver  at  level  of  umbilicus.  Spleen 
one  finger  above  crest  of  ilium,  edge  sharp  and  soft.  Lungs,  heart,  and  general 
abdominal    examination    negative.      Urine   negative,   except   for   large   amount   of 
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•Manuscript  submitted  for  publication  May  21.  1912. 
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bile  pigi  Stools  clay  colored.     Blood  examination  Bhowed  Q,000  leuk 

65  per  cent,  mononuclear  cells,  35  per  cent,  polynuclears. 

December  20.  Child  being  nursed  every  four  hours.  To-day  traces  of  blood 
following  rectal  irrigation. 

Duodenal  catheter  passed  1%  hour-  after  nursing,  and  2  ounce-  of  inn 
lated  milk  evacuated.     Duodenum  easily  entered,  and  .')  c.c.  of  fluid  obtained  in 
the  course  of  one  hour,  slightly  acid,  and  faintly  bile-tinged.     Stool  clay  colored 
with  traces  of  bile. 

December  21.  Catheter  passed  a  few  minutes  after  nursing.  Stomach  con- 
tents  acid,  Congo  ++.  Duodenal  contents  contain  Blight  amount  of  bile  and 
food  strings  (Cannon). 

December  22.  Jaundice  more  intense.  Catheter  passed  five  hours  after 
nursing.     Stomach  empty.    Duodenum  emptj   after  twenty-five  minute  test. 

December  23.  Catheter  passed  three  and  one-half  hour-  after  nursing. 
Stomach  empty.    Duodenum  empty  after  a  one-half  hour  test. 

Deeemb'-r  21.  <  ondition  the  -ami-.  Catheter  passed  an  hour  after  nursing. 
Acid,  Congo  +  milk  evacuated.  Mucoid  fluid  containing  some  bile  found  in 
duodenum. 


I  i_r.  1. — Infant  duodenal  catheter. 

December  25.  Jaundice  increased,  Infant  Bleepy.  Catheter  passed  an  hour 
after  nursing.  About  1  ounce  of  very  arid.  Congo  +  fluid  removed  from  Btomach. 
Small  amounl  of  acid  mucus  obtained  from  duodenum. 

December  26.  (ondition  the  same.  Borne  bib-  tinged  mucus  aspirated  from 
duodenum. 

December  -~.  Condition  worse.  Increased  jaundice.  Borne  blood  in  -tool. 
uboutaneous  hemorrhages.  Rectal  examination  Bhowed  a  considerable 
amount  of  dark  fluid  blood. 

Catheter  passed  three-fourths  of  mi  hour  after  nursing.  Congo  1  it  fluid 
obtained.     Aboui   0.8  c.c.  of  slightly  bile-tinged  fluid  obtained. 

Decembei  I     igulation  in f  blood  diminished   (16  minutes).    Tempera* 

ture  has  ranged  between  '■**  and  100  degrees.  Weight  9  pounds  2  ounces;  that  Is, 
only  Blight  loss.  Eemorrhages  from  Lowed  persist,  in  operation  considered, 
but  thought  not  advisable. 

December  31.    Subcutaneous  Injection  of  horse  serum. 

Duodenal  catheter  passed  two  hours  after  nursing.  Congo  I  |-  fluid  aspirated 
tomach,  and  In  ten  minutes  about  l  c.c.  of  neutral  fluid  containing  traces 
of  bile  obtained  from  duodenum. 
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January  2.  Child  drowsy.  Hemorrhages  the  same.  Taken  away  from  hospital 
against  advice. 

The  child  was  not  seen  again  for  about  one  month.  On  February  5  I  was  sent 
for  and  saw  it  at  its  home.  Although  it  had  lost  weight  it  looked  comparatively 
well  and  the  hemorrhages  had  ceased.  The  child  was  being  fed  on  condensed 
milk  every  three  hours. 

February  7.  Doing  poorly;  has  been  vomiting;  vomiting  expulsive  in  nature. 
Stool  still  clay  colored.  Catheter  passed;  Congo  +  +  +  fluid  evacuated  from 
stomach.  Marked  cardiospasm,  and  great  difficulty  in  entering  stomach.  (Prob- 
ably food  has  not  entered  stomach.)  Also  difficulty  in  entering  duodenum;  "acces- 
sory method"  has  to  be  resorted  to.    Duodenal  feeding  with  whey. 

February  8.  Still  vomiting,  as  yesterday.  Stool  brown  (starvation).  Catheter 
passed.  Cardiospasm  the  same,  pylorospasrn  less.  Duodenal  feeding.  Patient 
readmitted  to  hospital. 

February  9.  Doing  poorly.  Vomiting  continuous.  Cardia  and  pylorus  less 
spastic.     Duodenal  feeding. 

February  10.     Exitus. 

Clinically,  the  case  was  clearly  one  of  congenital  obliteration  of  the 
bile-ducts,  showing  intense  jaundice,  marked  enlargement  of  the  liver 
and  spleen,  and  subcutaneous  and  intestinal  hemorrhages.  The  urine 
contained  a  large  amount  of  bile;  the  stools,  although  clay  colored,  also 
showed  traces  of  bile.  The  duodenal  catheter  was  frequently  passed  and 
determined  the  presence  of  bile  in  the  duodenum,  and  also  of  the  pancre- 
atic ferments  in  the  fluid  which  was  aspirated.  The  infant  did  fairly 
well  for  three  months  and  then  suddenly  developed  vomiting  which  was 
followed  by  inanition  and  death.  The  cause  of  this  vomiting  could  not 
be  definitely  ascertained.  Possibly  it  was  due  to  some  error  in  feeding. 
It  was  markedly  expulsive  in  nature,  and  characterized  by  cardiospasm, 
pylorospasrn,  and  a  hypersecretion  and  hyperacidity  of  the  gastric  juice. 
An  autopsy  was  performed  by  Dr.  Eli  Moschcowitz,  whom  I  wish  to 
thank  for  the  following  report: 

ATJTOrSY     PROTOCOL 
MACROSCOPIC 

No.  2704.     Heart  and  lungs  not  removed. 

The  liver  weighs  170  gm.  (formalin).  Contour  normal;  consistency  firm. 
Stained  deeply  bile-green.  Surface  roughened.  On  section  the  liver  is  deeply 
bile-stained;  the  cut  surface  shows  green  lobules  with  narrow,  white  spaces  inter- 
vening. The  lobules  are  slightly  elevated;  the  white  portions  appear  fibrous,  and 
are  situated  at  the  periphery  of  the  lobules  in  the  portal  spaces.  The  gross 
picture  corresponds  to  that  of  a  typical  periportal  cirrhosis.  The  remains  of  the 
ductus  venosus  enters  the  liver  through  a  deep  fossa  hollowed  out  of  the  anterior 
border.     There  is  a  corresponding  fissure  on  the  under  surface. 

The  fissure  for  the  gall-bladder  is  at  its  normal  site,  and  is  occupied  by  a 
rather  thick  mass  of  fibrous  tissue.  In  this  mass  there  is  a  small  cavity  (the  gall 
bladder)  running  longitudinally  for  a  distance  of  about  2  cm.  The  lumen  admits 
a  narrow  probe,  and  contains  a  few  drops  of  clear  watery  fluid.  The  finest  bristle 
passed  from  the  gall-bladder  in  the  direction  of  the  cystic  duct  fails  to  find 
an  exit. 

The  ducts  of  the  liver  are  completely  obliterated,  and  are  represented  by 
dense  strands  of  fibrous  tissue.     The  right  and  left  hepatic  ducts  are  impervious 
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up  to  the  point  where  they  emerge  from  the  liver,  as  well  as  the  common  hepatic 
duct. 

The  strand  representing  the  common  bile  duct  i-  Bomewhat  thicker  than  the 
others,  ;m<l  passes  to  the  posterior  surface  of  the  duodenum. 

<m  the  intestinal  wall  corresponding  to  the  attachment  of  this  Btrand,  is  a 
small  papilla  within  the  lumen    (to  be  described  below). 

The  portal  vein  and  the  hepatic  artery  occupy  their  normal  situations,  and 
show  no  abnormality  in  size.  There  are  a  number  of  Bmall  lymph-nodes  at  the 
-  nc  for  the  gall-bladder. 

The  duodenum  is  normally  situated.  Within  the  lumen  and  on  the  posterior 
aspect  are  two  papilla;.  The  lower  one,  wider  and  deeper,  is  found  to  be  the 
opening  of  a  pancreatic  duet,  and  into  this  a  fine  bristle  can  be  passed.  Tin- 
upper  papilla  is  situated  about  1  cm.  distant  and  corresponds  to  the  attachment 
of  the  fibrous  remnant  of  the  common  duct,  above  described.  This  papilla  is 
impermeable  to  the  finest  bristle. 

The  Btomach,  intestines,  Bpleen,  mesentery,  kidneys,  genito-urinary  tract  and 
the  adrenals  are  normal;  except  for  rather  intense  bile  Btaining. 

Anatomical  Diagnosis:  Complete  obliteration  of  all  the  extra  hepatic  bile 
duets  and  the  papilla  <>f  Vater.  Hypoplasia  of  the  gall-bladder.  Bile  pigmenta- 
tion of  the  liver,  with  periportal  cirrhosis.  Anomalous  insertion  of  the  ductus 
venosus.  Anomalous  position  of  accessory  pancreatic  duct  (Santorini)  below 
papilla  of  Vater. 

Mil  IM^c  nl'H      I  X  AM1N  VI  [OH 

Liver:      Under   the  low   power   the  liver  presents  the   typical   appearai 
rather  advanced   periportal  cirrhosis.     The  connective  tissue   is  abundant,  loose, 
moderately  infiltrated  with  round  cellB,  and  Burrounds  many  of  the  lobules  com- 
pletely. 

Interspersed  in  this  connective  tissue  are  abundant  newly  formed  bile  duet-. 
similar  to  those  found  in  the  cirrhosis  of  Laennec. 

These  ducts  are  very  narrow,  anastomose,  and  in  only  a  few  instances  can  a 
lumen  hf'  demonstrated;   the  lumen  i-  empty. 

Distinct  transitions  between  the  liver  trabecules  and  the  newly-formed  bile 
ducts  can  he  demonstrated  in  many  instances. 

The  hepatic  artery  and  the  portal  vein  in  the  capsule  of  Glisson  ire  normal. 
hut  no  well  formed  bile-duel  i-  present.  There  are  nowhere  evidences  of  cystic 
dilatation-  of  tie-  bile-ducts.  The  cells  of  the  liver  trabecules  -tain  well;  the 
nuclei  are  distinct  ami  reticular.  The  intra-  and  intercellular  bile-capillaries  are 
everywhere  dilated  and  tilled  with  green  Idle.  These  dilatations  are  especially 
prominent  in  tie-  central  portions  of  the  lobule.  A  noteworthy  picture  is  the 
occasional  appearance  of  a  trabecule  of  the  acinus  gland  type;  tin-  cells  arc 
arranged  concentrically  in  a  single  row  around  a  blood  capillary.  Such  formations 
.1 1  e  tew  in  number. 

on  of  the  hypoplastic  remnanl  of  the  gall-bladder  reveals  merely  a  dense 
fibrous  structure,  lined  by  a  single  layer  of  low  cuboidal  epithelium  which  is 
t brown  up  in  low  fold-. 

There   is   no   structure   corresponding   to   the  submucosa    oi    muscle   lii- 

the   wall. 

ion  of  the  fibrous  strands  of  the  obliterated  unci-  Bhows  nothing  in  any 
way  suggestive  of  epithelium  or  lumen.  The  e  Btrands  consist  merely  of  dense 
fibrous  tissue,  with  a  few  nerves  and  -mall  blood  vessels,  ' 

Section  of  the  upper  papilla  reveal s  this  to  lie  ;i  Bmall  accessor]  p. men  a-  in 
the  wall  of  the  duodenum.  Serial  sections  reveal  no  evidence  of  a  lumen,  or  of 
inflammatory  t  issue. 

■[•n-  of  the  other  organs   reveal  nothing  noteworthy.     Pancreas  normal; 
no  cirrhosis. 
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DISCUSSION     OF     AUTOPSY     REPORT 

The  autopsy  therefore  confirmed  the  clinical  diagnosis  of  congenital 
obliteration  of  the  bile  ducts.  All  the  extra  hepatic  ducts  were  found 
obliterated.  The  usual  changes  in  the  liver  following  marked  stasis  were 
present.  The  only  notable  features  were  the  very  exceptional  site  of 
entrance  of  the  accessory  pancreatic  duct  (Santorini)  in  the  duodenum, 
which  was  below  instead  of  above  the  papilla  of  Vater,  and  the  accessory 
pancreas  found  in  the  wall  of  the  duodenum  at  the  site  of  the  papilla  of 
Vater  (Fig.  2.  a).  On  opening  the  duodenum  this  was  seen  as  a  small 
nodule,  resembling  one  of  the  solitary  lymph-nodes  commonly  found 
in  the  lower  intestine.  Its  true  nature  was  not  suspected.  It  was  sub- 
mitted to  serial  section  with  the  purpose  of  ascertaining  whether  inflam- 
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Fig.  2. — Obstruction  of  common  bile-duct  and  pancreatic  duct.  a.  accessory 
pancreas  at  site  of  papilla  of  Vater;  b,  opening  of  accessory  pancreatic-duct 
(Santorini)  below  papilla  of  Vater;  c.  connective  tissue  representing  common 
bile-duct;  G.  B.,  rudimentary  gall-bladder;  L.  liver;  St.,  Stomach;  Sp..  spleen; 
D.  duodenum. 


matory  tissue  could  be  found  at  this  point,  as  it  is  still  an  undecided 
question  in  the  pathogenesis  of  this  disease,  whether  the  obliteration  of 
the  bile-ducts  is  due  to  a  fetal  inflammatory  process,  or  to  a  develop- 
mental anomaly.  +\o  sign  of  inflammatory  tissue  was  found  on  micro- 
scopic examination.  The  glandular  arrangement  of  some  of  the  liver 
strands,  called  attention  to  by  Finkelstein,4  is  also  worthy  of  mention. 


4.   Finkelstein,  H.:    Lehrbuch  d.   Sauglingskrankh.,  1912,  Part  II,  p.  438. 
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IX  \. Ml  N'ATHix     OF     DUODEN  \l.     FLUID 

In   the  clinical   repoii   mention   has  been   made  of  examinations 
pancreatic  ferments  carried  oul  on  the  fluid  aspirated  from  the  duodenum. 
11    intitative  ami  qualitative  tests  were  made  for  the  presence  oi  trypsin, 

r  cent,  gelatin  Ileitis  used  for  this  purpose;  I'm-  the  tests  for  amylasi 
;i   1   per  cent,  starch  solutii  u  was  used,  and  after  forty-eight   hours  the 
mixture  was  titrated  for  sugar  by  mean-  of  Fehling's  solution;  neutra 
ethy]  butyrate  was  used  t"  test   for  lipase,  and  after  twenty-four  hours 
the  acidity  was  determined  by  mean-  of  titrating  with  twentieth-normal 

um   hydroxid.     AM    solutions   were    rendered   alkaline   by   mean-   .if 

urn  hydroxid,  and  sterile  by  the  addition  of  toluol.  It  does  do!  si 
necessary  \<<  describe  these  methods  in  detail,  a-  an  article  soon  to  be 
published  treat-  of  a  large  series  of  tests  made  en  infants  by  this  mean-. 
It  was  found  in  this  case  that  all  three  pancreatic  ferments  were  being 
excreted  into  the  duodenum.  The  trypsin  was  in  considerable  quantity 
a-  it  digested  gelatin  within  twenty-four  hour-.  'The  amylase  was  like- 
wi-e  found  not  insufficient  compared  with  the  results  obtained  on  normal 
infants.  The  lipase  was,  however,  found  in  he  diminished.  \\  nether  this 
was  due  to  the  lack  of  bile  in  the  duodenum,  which,  as  is  well  known. 
intensifies  the  action  of  the  pancreatic  fat-splitting  ferment,  or  whether 
there  was,  iii  fact,  a  deficiency  of  lipase,  it  is  difficull  to  pay  without 
further  study.  The  stool  contained  a  large  amount  of  fat,  as  is  the  case 
in  all  instances  of  obsl rud ive  jaundice. 

Cases  with  obliteration  of  the  common  bile-duel  usually  have  been 
classified  according  to  the  obstruction  of  the  hepatic  ducts,  the  cystic 
duet,  or  the  presence  or  absence  of  the  gall-bladder,  h  would  seem  thai 
this  classification  can  possess  no  clinical  or  pathological  signifii  nice  where 
the  common  bile-dud  is  absolutely  impervious,  h  would  appear,  how- 
ever, h\  do  means  of  pureh  academic  interest  to  ascertain  whether  the 
pancreatic  ducts  are  patenl  or  likewise  obstructed.  In  view  of  the  fad 
thai  when  the  common  dud  is  obstructed  by  a  bilian  calculus  -in- 
at  the  papilla  of  Vater,  the  pancreatic  dud  frequently  is  also  obstructed, 
resulting  in  acute  or  chronic  pancreatitis,  ii  j-  remarkable  thai  in  the 
pathological  condition  which  we  are  considering  no  attention  whatsoever 
has  been  paid  to  the  pancreas.  In  a  rather  extensive  review  of  the 
literature  I  have  no!  met  wiih  an  instance  in  which  the  pancreas 
has  been  described  al  autopsy  or  later  examined  microscopically.  For 
example,  in  Thomson's8  excellenl  monograph,  published  in  1892,  which 
carefully  reviewed  forty-nine  cases,  in  BenekeV  report  of  L907. 
which  considered  Beventv-four  cases,  in  report-  of  cases  \<\    Murchison.7 


.-..  Thomson,  J.:   <  ongenital  Obliterati I  the  Bile  Ducte 

r    Beneke,   R.:    Kongenitale    Uresis   d,  Rrossen   GnllengHnge,   Marburg,   1907 
7.   Murchison:      Diseases  of  the  Liver,   1885.  p    122. 
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Schueppel,s  Henoch,9  Bolleston,10  and  many  others,  no  attention  has  been 
paid  to  the  pancreas  or  its  ducts.  Indeed,  the  only  mention  which  I  have 
found  on  this  subject  was  one  by  YVilks11  in  a  report  published  in  1862. 
which  states  that  "in  the  duodenum  the  opening  of  the  bile-duct  was 
found  as  usual  and  a  probe  passed  freely  into  the  pancreas."  In  almost 
all  of  tbese  cases  the  obliteration  of  the  common  bile-duct  included  the 
papilla  of  Yater.  which  is  known  generally  to  harbor  the  outlet  of  the 
pancreatic  duct  as  well  as  of  the  bile-duct.  In  these  cases,  unless  there 
existed  another  duct  from  the  pancreas  to  enable  it  to  pour  its  ferments 
into  the  intestine,  there  must  therefore  have  been  in  addition  to  an 
obstruction  of  the  bile  an  obstruction  of  the  external  secretion  of  the 
pancreas.  It  is  difficult  to  state  in  just  what  percentage  of  cases  an 
accessory  pancreatic  duct,  the  duct  of  Santorini,  enters  the  intestine 
separately.  Opie12  dissected  100  cases  in  order  to  investigate  this  subject 
and  came  to  the  practical  conclusion  that  "in  at  least  a  third  of  all 
individuals  the  duct  of  Santorini  cannot  act  as  an  accessory  outlet  when 
the  duct  of  Wirsung  is  occluded." 

CONCLUSIONS 

In  the  pathologic  condition  termed  congenital  obliteration  of  the 
bile-ducts,  the  common  bile-duct  has  been  found  almost  invariably  oblit- 
erated in  the  greater  part  of  its  course,  including  in  almost  every  instance 
the  duodenal  end  and  the  papilla  of  Yater.  Into  this  papilla  the  main 
pancreatic  duct  almost  always  enters,  and  accordingly  is  subjected  at 
the  same  time  to  absolute  obstruction,  so  that  it  would  seem  preferable 
to  term  this  disease  congenital  obliteration  of  the  common  bile-duct  and 
pancreatic  duct.  A  classification  from  a  clinical  point  of  view  better  than 
the  purely  anatomical  one  generally  made  use  of  would  seem  to  be  to 
divide  this  pathologic  condition  into  two  main  groups  of  cases:  (1)  where 
associated  with  the  obliteration  of  the  common  bile-duct  there  is  an 
obliteration  of  pancreatic  duct,  which,  however,  is  compensated  for  by  the 
fact  that  the  accessory  duct,  the  duct  of  Santorini,  is  present  and  able 
to  excrete  the  pancreatic  ferments  into  the  duodenum ; 13  another  group 
(2)  where  the  obliteration  of  the  excretory  apparatus  of  the  pancreas  is 
total  and  complete,  as  not  only  is  the  duct  of  Wirsung  absolutelv 
obstructed,  but  no  accessory  pancreatic  duct  exists.  Cases  of  congenital 
obliteration  of  the  common  bile-duct  and  pancreatic  duct  can,  therefore. 


8.  Schueppel:  Arch.  f.  Heilk.,  1870,  p.  78. 

9.  Henoch,  E.:   New  Syd.  Soc.  Tr..  i.   28. 

10.  Rolleston,  H. :  Diseases  of  the  Liver,  1905. 

11.  Wilks:   Tr.  Path.  Soc.  London,  1802,  p.  119. 

12.  Opie,  E.:   Am.  Med.,  1903,  p.  996. 

13.  Under  this  group  would  come  those  exceptional  cases  in  which  the  com- 
mon bile-duct  and  the  duct  of  Wirsung  enter  the  duodenum  separately  and  at 
different  levels. 
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be  divided  into  those  with  compensated  <>r  with  uncompensated  pancreatic 
obstruction.  The  case  described  in  the  foregoing  pages  was  of  the  com- 
pensated variety,  which  comprises  the  larger  group.  During  life  the 
three  pancreatic  ferments,  trypsin,  amylase,  and  lipase,  were  repeatedly 
found  in  the  duodenal  fluid  obtained  h\  means  of  aspiration  with  the 
duodena]  catheter,  and  the  diagnosis  of  compensated  pancreatic  obstruc- 
tion was  substantiated  after  death  by  finding  the  main  pancreatic  duct 
obliterated  and  the  accessory  duel  patent. 

It  is  of  interest  to  note  thai  uotwithstanding  the  absolute  closure  of 
the  common  bile-duct,  bile  was  demonstrated  in  the  duodenal  fluid  and 
in  the  stool,  proving  the  probable  excretion  of  bile  from  the  circulation 
through  the  intestinal  wall.  The  infant  lived  for  three  months,  and 
died  a>  the  result  of  inanition  brought  on  by  an  acute  attack  of  vomiting 
accompanied,  as  tests  i>\  means  of  the  catheter  showed,  by  cardiospasm, 
pylorospasm,  and  hyperacidity  and  hypersecretion  of  the  gastric  juice. 
This  complication  may  heat-  no  relation  to  the  underlying  pathologic 
disturbance;  reference  to  the  literature  in  regard  to  this  point,  however, 
shows  that  marked  vomiting  has  been  an  important  intercurrent  symptom 
in  main  cases,  so  that  attention  should  be  directed  to  this  complication 
in  the  future. 

It  is  probable  that  it  will  be  found  that  the  cases  of  congenital  obliter- 
ation of  the  bile-ducts  associated  with  uncompensated  obstruction  of  the 
pancreatic  ducts  are  the  more  serious,  and  that  infant-  in  this  group 
survive  for  a  shorter  period  than  those  in  whom  the  ferments  gain 
entrance  to  the  duodenum  by  an  accessory  duct.  A  test  of  all  cases  by 
mean-  of  the  duodenal  catheter  will  permit  of  a  clinical  classification 
during  life  of  the  compensated  and  the  uncompensated  cases^  and  the 
data  obtained  by  this  mean-  Bhould  be  carefully  correlated  with  the 
results  of  post-mortem  examination,  especially  with  the  pathological  con- 
dition of  the  duct-  and  parenchyma  of  the  pancreas,  an  organ  which  has 
absolutely  disregarded  in  the  consideration  of  this  disease. 

l.-.i  Weal  Seventh  Second  Street 
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PICTURES     OF     THE     CHEST     IX     EARLY 

STAGES     OF    TUBERCULOSIS  * 

HEXRY  SEVYALL,  M.D..  and  S.  B.  CHILDS.  M.D. 

DENVER 

GEXF.RAL     COXSIDERATIOX     OF    THORACIC     ACOUSTICS 

Within  the  past  year  it  has  occurred  to  one  of  us  to  become  acutely 
impressed  with  the  necessity  of  making-  an  absolute  diagnosis  in  a 
series  of  cases  presenting  rational  evidences  of  pulmonary  tuberculosis. 
Physical  examination  of  these  persons  disclosed  none  of  the  signs  usually 
depended  on  for  the  apprehension  of  incipient  lung  disease,  but  the 
clinical  history  of  lessened  energy,  susceptibility  to  fatigue,  digestive 
disturbance,  ocasional  afternoon  temperatures  and  various  other  accom- 
paniments of  failing  health  plainly  indicated  a  serious  constitutional 
disturbance  which,  if  tuberculous,  implied  an  active  undermining  of 
powers  which  it  was  of  vital  importance  to  check  at  once.  Fortunately, 
at  this  time  there  was  under  observation  a  patient  whose  chest  was 
negative  to  even  expert  examination  —  pursued  along  catholic  lines  — 
although  tubercle  bacilli  had  for  a  while  appeared  in  his  sputum  a  few 
months   previously   and   his   clinical   condition   remained   very   unstable. 

A  careful  study  was  made  of  this  patient  to  determine  whether  any 
definite  physical  signs  were  associated  with  the  advent  of  tuberculous 
infiltrations.  The  results  were  positive  to  a  gratifying  degree.  It  was 
found  that  changes  in  the  resonance  of  voice  or  whisper  could  be  detected 
by  -H'thoscopic  auscultation  when  the  alterations  of  physical  structure 
within  the  chest  eluded  other  means  of  examination.  The  auscultatory 
changes  referred  to  included  an  estimation  of  the  quality,  the  intensity, 
the  pitch  and  especially  the  duration  of  the  audible  vibrations,  as  well 
as  their  distribution  over  the  chest.  Obviously,  nothing  new  is  contained 
in  these  mere  statements:  nevertheless,  one  of  us  (H.  S.)  can  certify 
that  in  his  own  experience  a  special  study  of  physical  diagnosis  through 
many  years  has  failed  to  achieve  a  tithe  of  the  certainty  in  the  detection 
of  minute  changes  in  the  lungs  which  the  proper  application  of  this 
method  confers.  From  the  theoretical  point  of  view  it  is  obvious  that 
the  acoustic  phenomena  of  the  chest  must  respond  to  every  alteration  in 
the  thoracic  contents.  It  only  remains  for  practical  purposes  to  discrimi- 
nate the  vocal  attributes  of  definite  organic  changes. 


^Manuscript  submitted  for  publication  May  21.   1912. 
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Tin'  vibrations  of  the  vocal  cords  which  produce  voice  are  transmitted 
in  all  directions  with  an  intensity  dependent  on  the  continuity  and  elastic 
properties  of  the  conducting  tissue.  The  air  stream  passing  through  the 
glottis  takes  up  the  vibrations  of  the  cords  ami.  according  t<>  tin-  shape 
and  >\/.i-  of  the  air  chambers  above,  one  or  another  group  of  the  partial 
tones  contained  in  the  laryngeal  note  i>  magnified  by  sympathetic  reso- 
nance, giving  rise  t<>  the  varied  vowel  sounds  characterizing  tin-  voice. 
The  property  of  •■la-tic  bodies  to  magnify  sound  by  sympathetic  vibration 


Fig.  I.  Male,  aged  J">.  Supposed!]  normal  case;  v.  Pirquel  test  negative,  bul 
physical  examination  revealed  slight  crackling  .ii  I •  1 1  "apex  and  rough  murmui 
.it  right.  Tin-  negative  was  taken  in  the  phase  ofkdeep  inspiration,  tin-  effort  t" 
inspire  being  continued  with  nose  and  mouth  closed.  The  vessels  are  markedly 
injected  with  blood  and  tin-  bronchi  with  air.  \>>ic  the  suspi  ioue  area  of  con 
gestion  in  tin-  upper,  outer  half  "i  left  lung.  The  print  illustrates  the  plainly 
vascular  constitution  of  tin-  normal  right  hilus.  Note  also  the  shadow  of  the 
ascending  aorta  blending  with  that  of  the  superioi  vena  cava  on  the  right  of  the 
mediast  inum. 


i-  of  fundamental  importance  in  the  apprehension  of  the  physical  signs 
of  th"  <  I  it-t .  It  seems  obvious  thai  the  an-  waves  which  an  excited  l>\ 
tissue  vibration  can  in  nun.  when  powerful  enough,  read  on  distanl 
tissue  and  produce  or  increase  vibrations  in  it.  jusl  a-  a  singing  voici 
calls  forth  a   response  from   the  wires  and   sounding  board  "i   ai n 
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piano.  Tims  a  sound  heard  on  auscultating  any  part  of  the  chest  is 
primarily  due  to  tissue  conduction  or  air  transmission  of  vibrations 
arising  in  the  larynx.  The  quality,  pitch  and  intensity  of  the  sound 
heard  with  the  stethoscope  depend  on  the  acoustic  conductivity  and  sympa- 
thetic resonance  of  the  tissues  traversed,  and  especially  on  the  resonating 
and  conducting  properties  of  the  tissues  immediately  under  the  bell  of 
the  stethoscope.  Thus,  the  examiner  can  usually  declare  with  confidence 
the   situation  of  a  small  superficial  excavation  anywhere  in  the  lungs, 


Fig.  2. — Same,  supposedly  normal,  subject  as  Fig.  1.  but  the  negative  was  taken 
in  the  phase  of  forced  expiration,  the  effort  being  continued  with  nose  and  mouth 
closed.  Note  the  diffuse  shadow  covering  both  lungs  due  to  crowding  together  of 
pulmonary  capillaries.  Apparently  distended  bronchi  are  seen  outside  each  hilus. 
The  larger  blood-vessels  are  compressed  and  obscured.  The  sign  of  abnormal 
congestion  below  the  left  clavicle  still  persists.  The  greater  congestion  of  the 
right  apex  is  of  doubtful  significance. 


presumably  because  the  cavity  forms  a  veritable  resonator  for  the  vibra- 
tions reaching  it.  Again,  the  modification  of  voice  and  whisper  in  a 
limited  section  of  the  lung  gives  evidence  of  a  local  intense  congestion  or 
consolidation  through  which  distant  vibrations  are  more  readily  trans- 
mitted to  the  surface.  The  examiner  who  listens  to  the  sounds  in  the 
chest  inevitably  tends  to  ascribe  to  the  visceral  conditions  on  which  his 
mind  is  fixed  all  the  auditory  phenomena  that  are  manifest.     Xeverthe- 
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[ess,  there  is  a  constanl  source  of  error,  often  of  considerable  magnitude, 
in  the  interpretation  of  thoracic  sounds.  This  consists  in  the  sympathetic 
vibration  of  the  chesi  wall  itself,  due  to  phonation,  and  which  in  it-  mor< 
exaggerated  form  appeals  to  the  sense  of  touch  ;i>  the  "tactile  fremitus." 

Tli  i;     LCOl  -  CICS    OF    TB  1     \<m;m  \l.    CHESI 

In  order  intelligently  x<>  use  the  voice  and  whisper  as  instruments 
for  the  diagnosis  of  disease  the  medical  examiner  must  thoroughly  appre- 
hend the  Dorma]  acoustics  of  the  chest.    The  thorax  is  a  resonator  which 


Fig.  .!._-  |-'ciii;i  le,  aged  ;ii>"iii  28.  Karlj  incipient  tuberculosis,  evidenced  l»\ 
clinical  bistorj  and  physical  signs;  no  Bputum.  Not<  the  fine,  isolated  network 
in  tlir  li^-iit  apex,  and  the  Btippling  above  the  lefl  clavicle.  There  i-  ;i  somewhal 
isolated  area  "t  congestion  on  the  lefl  extending  downward  from  the  firsl  inter 
costal  space,  anteriorlj  (the  shadow  here  i-  somewhal  intensified  bj  thai  of  the 
breasl  > . 


may  he  sharply  differentiated  into  tun  parts:  first,  the  viscera  enclosed  h\ 
1 1 M-  chesi  \\:ill  and,  second,  the  chesl  wall  itself.  Manifestly,  sounds  owing 
their  intensity  t<>  mural  vibrations  have  verj  subordinate  interest  for 
on.'  uh<>  investigates  the  properties  of  the  underlying  viscera;  thc\  can 
hut  disturb  ami  distract  the  attention;  bul  by  tin-  ordinary  mode  of 
auscultation  the}   are  inseparable  from  the  visceral   \  ii>rati<>n-.     Fortu 
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nately  there  is  an  extremely  simple  and  effective  method  of  annulling  the 
sounds  intrinsic  to  the  chest  wall  while  leaving  unaffected  those  per- 
taining to  underlying  structures.  The  principles  of  this  method  were 
expounded  by  one  of  us  many  years  ago  with  special  reference  to  the 
sounds  of  the  heart.1  If  auscultation  he  performed  with  the  ordinary 
binaural  stethoscope,  whose  chest-  and  ear-pieces  are  connected  by  plain 
rubber  tubes,  and  which  therefore  transmits  by  pure  air  conduction,  and 
the  bell  of  the  instrument  is  laid  very  gently  on  the  skin,  there  is  brought 
to  the  ear  the  combined  resonance  of  parietes  and  viscera.  Let  now  the 
bell  of  the  instrument  be  pressed  very  firmly  against  the  chest  wall  and 


Fig.  4. — Female,  aged  30.  Patient  well,  clinically,  and  not  aware  of  her  con- 
dition. Has  improved  greatly  in  past  six  months  after  very  slow  convalescence 
from  "typhoid  fever."  She  has  well-marked,  probably  healed,  tuberculosis  of  left 
apex  extending  to  second  rib  in  front  and  nearly  completely  isolated  from  radia- 
tions. A  similar  condition  is  seen  on  the  right  under  the  first  rib  anteriorly. 
There  is  a  general  increased  vascularity  of  right  lung  dissociated  from  radiations, 
with  scattered  opacities  which  probably  represent  altered  lymph-nodes. 


sound  due  to  sympathetic  vibration  in  the  latter  is  completely  blotted  out 
and  the  attention  may  be  fixed  unconfused  on  the  acoustics  of  the  under- 
lying viscera  whose  alterations  alone  are  of  clinical  importance.     The 


1.  Sewall,  H. :   On  the  Use  of  Stethoscopic  Pressure  in  Physical  Examination 
of  the  Heart.     New  York  Med.  Jour..   1897.  lxvi. 
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reader  must  tesl  this  maneuver  ;it  the  base  of  a  norma]  chest  during 
vocalization  tc  be  impressed  with  the  predominance  of  mural  vibrations 
in  our  estimate  of  the  vocal  characters  of  thai  region.  The  more  powerful 
cal  resonance,  a~  Indicated  by  tactile  fremitus,  the  more  astonishing 
is  the  damping  effect  of  stethoscopic  pressure.  In  the  -aim  manner 
powerful,  echoing  resonance  heard  on  gentle  contact  with  the  manubrium 
sterni  may  often  be  completely  annulled  by  firm  pressure  through  the 
31  piece;  that  is,  the  sternum  is  a  sounding  board  which  has  given 
factitious  power  to  the  vibrations  from  below.  When  the  sound  is  not 
thus  damped  the  fad  is  significant  of  abnormal  underlying  conducting 
media  1»<  tween  trachea  and  breast  bone. 


Fig.  ;,.  Male,  aged  aboul  36.  Arrested  tuberculosis.  Infiltration  at  eaeo 
;i|x'\.  most  marked  on  right.  An  isolated  tuberculous  <i»-|«««^it  occurs  in  outer  pari 
ol  left  second  intercostal  Bpace,  anteriorly.  The  finer  fibrillations  are  thought  to 
represent  bronchial  fibrosis.  Note  1 1  • « -  group  of  apparent  bronchi,  in  optical  sec 
linn,  just  outside  r<»'t  of  left  lung.  Note  the  comparative  dissociation  of  infll- 
1 1  ated  areas  from  the  bilus  radial  ions. 


There  are  two  qualitative  modifications  of  the  ordinary    vocal   reso- 
nance which  deserve  specific  mention.     In  the  6re1  the  Bound  is  of  a  deep, 
powerful,  drumlike,  "resonant,"  "chesl   tone."     It   is  accompanied  b\   a 
good   deal   of   tactile   fremitus   and    is   especially    developed    in   healthy, 
.;,-  young  men.    This  resonance  belongs  almosl  wholly  to  ilif  chesl 
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wall  and  is.  especially  over  the  lower  parts  of  the  lungs,  nearly  obliterated 
by  stethoscopic  pressure.  The  second  form  of  resonance  has  quite  a 
different  quality  and  has  been  characterized  as  a  "ringing  bronchophony." 
It  is  suggestive  of  the  tones  of  a  soprano  voice  in  its  meddle  register. 
Its  typical  characters  are  developed  most  strikingly  in  the  chests  of 
young  females.  In  our  opinion  the  apprehension  of  this  form  of 
bronchophony  is  of  extraordinary  diagnostic  importance  because  it  is  due 
not  so  much  to  parietal  as  to  visceral  vibration,  for  often  it  is  well-nigh 
undiminished  by  stethoscopic  pressure;  on  the  contrary,  in  the  conditions 
noted  below,  pressure  with  the  stethoscope  is  apt  to  render  plainer  and 
bring  nearer  the  ear  the  ringing  bronchophony;  especially  is  this  the  case 


Fig.  G. — Female,  aged  about  38.  Healed  or  arrested  tuberculosis.  Note  the 
relatively  isolated  foci  of  infiltration  and  tissue  change  in  and  about  the  apices. 
Many  calcified  nodes  are  scattered  through  the  right  lung,  and  dense  streaks  of 
morbid  tissue  in  the  upper  left.  The  isolation  of  the  infiltrated  areas  under  the 
outer  ends  of  the  clavicles  is  marked.  The  base  of  the  right  lung  is  abnormally 
congested  and  is  probably  seen  through  thickened  pleura. 


over  the  upper  half  of  the  lungs.  Moreover,  the  ringing  bronchophony 
is,  according  to  the  results  of  the  present  investigation,  the  very  earliest 
sign  of  a  pulmonary  change  of  fundamental  importance,  namely,  vascular 
congestion,  which  is  possibly  combined  with  a  degree  of  atelectasis.  Time 
and  again  in  this  investigation  the  diagnosis  of  abnormal  vascular  eon- 
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gestion  has  been  made  as  to  th<  lungs  of  clinically  healthy  subjects  and 
een  verified  by  the  completely  independent  interpretation  of  tin- 
.r-rav  picture  of  the  chest. 

Deferring  for  the  present  Eurther  discussion  of  vocal  resonance  in 
the  Dormal  and  clinically  norma]  chest,  let  us  consider  the  acoustic  signifi- 
cance "l  transmitted  whisper. 

It  i-  ;i  matter  of  elementary  knowledge  that  whispered  sounds  have 
a  very  restricted  distribution  through  the  normal  chest  and  that  their 
extension  or  change  in  quality  ami  intensity  is  one  of  the  suresl  indica- 
tions of  a  pathologic  condition,     h   i>  here  maintained  that  the  special 


Fig.  7.  Male,  aged  37.  Nearlj  arrested,  advance^  tuberculosis  of  both  upper 
lobes,  especially  on  the  right.  Lungs  congested;  pleura  probablj  thickened. 
Marked  isolation  <>i  affected  areas  from  hilus  radiations,  especially   on  tin'  left. 


importance  of  the  auscultated  whisper  is  thai  its  transmission  is  a  result 
hi'  purely  visceral  conduction  ami  resonance.  Mural  vibrations  usually 
take  ii<»  part  in  the  Bound.  There  air  two  obvious  explanations  Eor  this 
fart:  first,  tin'  relatively  low  intensity  of  whispered  sound;  second, 
whisper  is  noise  due  in  non-periodic  vibrations;  sympathetic  resonance 
i-  fundamentally  dependent  on  periodii  vibrations  Buch  as  make  up 
musical  tones.  Therefore,  excepl  in  verj  few  Bpecial  cases,  pressure  with 
tin-  Btethoscope  does  ool   annul   the  whispered   sound;  on  the  contrary, 
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this  is  thereby  made  clearer  and  brought,  as  it  were,  nearer  the  ear, 
probably  by  reason  of  the  damping  of  associated  adventitious  parietal 
vibrations. 

Xumerous  abnormalities  within  the  thorax  modify  the  intensity, 
quality  and  transmission  of  whispered  sound,  but  one  of  the  most  inter- 
esting and  important  is  the  condition  of  what  is  probably  intense,  acute 
pulmonary  congestion  such  as  precedes  actual  consolidation  of  the  lung. 
During  the  prevalence  of  influenza  in  the  past  winter  one  of  us  has  bad 
many  opportunities  of  tracing  the  erratic  course  of  vascular  congestion 
reactive  to  the  infection.  These  areas  of  abnormal  vascularization  show 
a  sharply  limited  transmitted  whisper;  in  a  more  advanced  stage  there 
may  be  added  an  audible  expiratory  murmur  of  elevated  pitch,  and  both 
may  pass  away  without  the  onset  of  percussion  dulness.  etc..  indicative  of 
actual  consolidation.  Skiagrams  of  the  chest  in  appropriate  cases  show 
the  negatives  to  be  covered  with  a  more  or  less  dense  mist  in  the  regions 
of  transmitted  whisper.  We  are  inclined  to  believe,  as  illustrated  in 
Figure  2,  that  the  shadow  is  due  to  crowding  together  of  the  pulmonary 
capillaries  as  well  as  to  the  relatively  diminished  volume  of  the  air-cells. 
This  abnormal  transmission  of  whisper  in  acute  disorders  indicates  a 
stage  of  vascular  congestion  somewhat  more  advanced  than  that  which 
may  be  detected  through  the  "ringing  bronchophony. "  The  two  signs 
may  occur  together  or  the  latter  may  be  found  alone.  That  the  increased 
conductivity  which  exaggerates  the  whisper  is  due  rather  to  congestion 
than  to  atelectasis  in  the  lung  tissue  is  indicated  by  the  fact  that  whis- 
pered sound  is  more  intense  to  auscultation  when  produced  in  the  phase 
of  extreme  inspiration  than  in  that  of  extreme  expiration.  Sewall  has  not 
been  able  to  detect  the  abnormally  transmitted  whisper  in  cases  of  simple 
bronchitis  and  therefore  ventures  the  suggestion,  only,  that  we  have  in 
its  occurrence  a  specific  means  of  distinguishing  between  congestion  of 
the  pulmonary  vessels  from  the  right  side  of  the  heart  and  of  the  bron- 
chial vessels  from  the  left  side. 

TOPOGRAPHIC      DISTRIBUTION     OF     VOICE     AND     WHISPER     THROUGH     THE 

NORMAL     CHEST 

It  was  suggested  by  Goldscheider2  and  made  very  clear  by  Fetterolf3 
that  the  sounds  auscultated  at  the  apices  of  the  lungs  were,  for  the  most 
part,  transmitted  transversely  directly  from  the  trachea.  The  normal 
auscultatory  differences  between  the  apices  is  attributed  by  Fetterolf  to 


2.  Goldscheider:  Ueber  die  physikalische  Friihdiagnose  der  Lungenschwind- 
sucht.     Ztschr.  f.  klin.  Aled..  1909,  Ixix.  205. 

3.  Fetterolf.  George:  The  Anatomic  Explanation  of  the  Greater  Amount  of 
Vocal  Fremitus  and  Vocal  Resonance  Normally  Found  at  the  Apex  of  the  Right 
Lune.    The  Archives  of  Int.  AIed.,  1909.  iii,  23. 
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the  peculiar  anatomical  relations  of  the  two  apices  to  the  trachea.    This 
air  tube  lies  in  direct  contact  with  the  inner  wall  of  the  righi  apex,  wl 
■    -  separated  from  the  left  apex  h\  .1  considerable  thickness  oi  indifferenl 
tissue.     The  view  thai   apical  vibrations  were  due  to  direct  conduction 
from  the  trachea  had  been  reached  independently  by  one  of  us  and  has 

■I  carried  out  to  it-  legitimate  consequences  with  interesting  results. 
There  is  a  natural  acoustic  topographic  division  of  the  lungs  into  two 
part-,  an  upper  and  a  lower,  according  to  their  relations  to  the  trachea 
and  two  main  bronchi.  The  upper  parts  of  the  lungs  receive,  particularly 
on   the  righi   side,  vibrations  directly   from  the  walls  of  the  great   air 

ssels,  so  thai  the  intensity  of  conducted  sound  as  well  as  the  vigor 
sympathetic  vibration  is  greatly  enhanced  in  the  corresponding  region 
of  the  chest.  This  natural  acoustic  division  in  the  lungs  is  no!  striking 
with  tin  ordinary  method  of  auscultation  bu1  becomes  very  obvious  when 
the  principle  of  stethoscope  pressure  is  applied.  Listening  over  the  lower 
parts  of  the  normal  lungs,  the  resonance,  no  matter  how  powerful,  is 
alinosl  completely  abolished  by  firm  pressure  on  the  stethoscope  A-  the 
instrument   explores  the   front   of  the  chesl    upward   the  same  result    is 

eloped  by  pressure  until  it  reaches,  on  the  right  side,  approximately 
the  top  of  the  fourth  rib  or,  on  the  left,  the  bottom  of  the  third  rib;  ti  en 
quite  suddenly  the  voice  sounds  persist  in  great  measure  no  matter  what 
tin  degree  of  stethoscopic  pressure.  The  result  is  easily  explained  by 
admitting  thai  the  "bronchophony"  of  the  lungs  below  the  fourth  ribs 
in  front  is  almosl  wholly  the  sound  produced  by  sympathetic  resonance 
of  the  chesl  wall  itself.  The  persistence  of  voice  -omul  with  pressure  in 
the  upper  chesl  is  obviously  dependenl  nol  on  mural  resonance  bul  on 
direel  conduction  of  vibrations  from  the  contiguous  trachea  and  bronchi. 
Practically  the  same  acoustic  differentiation  can  be  made  on  the  posterior 
chesl  wall.  The  dividing  line  between  upper  and  lower  divisions  runs 
across  the  hack  at  a  point  somewhal  below  the  inner  end-  of  the  spines 

the  3capul?e  —  in  a  situation  nearesl  the  ro.it-  of  the  lungs.  The 
acoustic  topography  in  the  back  is  nol  so  sharply  defined  as  in  front,  l>\ 
reason  of  the  influence  of  the  large  descending  bronchial  branches,  the 
direel  vibrations  from  which  are  apt  to  reach  the  chesl  wall  a-  low  down 
a-  the  angles  of  the  scapulae.     The  examiner  will  find,  of  course,  that 

nialh  all  sounds  in  the  upper  chesl  have  greatesl  intensity  near  th< 
middle  line  and  become  weaker  toward  the  lateral  margins.     It   mav  hi' 

mentioned  a-  an  extrani -  matter  thai  the  respiraton  murmur  it-elf  i- 

intimateh  related  to  the  parietal  resonance  of  the  chest,  bul  this  phasi 
the  subjeel  ha-  not  yel  been  definitely   investigated. 

Till       \l  I  THOD     "I       PHI  8ICAL      1  \  \  Ml\  \TI<>\ 

The    patient    was   examined    pitting   with   chesl    hare   i,\    one   ol    us 
iloying  the  ordinan   method-,  inspection,  palpation,  etc.,  winding  up 
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with  a  detailed  study  of  the  distribution,  intensity,  quality  and  prolonga- 
tion or  echoing  characters  of  voice  and  whisper.  All  results  were 
definitely  recorded   in  writing.     The   subject   was   then   z-rayed   by   the 

other  of  us.  who  dictated  a  detailed  description  of  the  plate,  summing 
up  with  a  diagnosis  based  on  the  skiagram.  The  two  descriptions  and 
diagnoses  were  then  compared.  In  the  auscultation  the  subject  was  asked 
to  pronounce,  first  by  voice  and  later  by  whisper,  the  syllables  "one,  two. 
three."  and  particular  attention  was  paid  to  the  prolongation  of  the 
sound  from  one  syllable  to  the  other  and  to  its  alteration  in  quality.  Xo 
better  illustration  of  the  acoustics  of  the  diseased  lung  can  be  offered  than 
in  the  sounds  which  may  lie  heard  in  every  normal  person  when  the  bell 
of  the  stethoscope  is  applied  to  the  back  of  the  neck,  high  up.  or  even  to 
the  posterior  part  of  the  skull.  The  tones  heard  here  are  prolonged, 
echoing  and  altered  in  quality  to  a  degree  which  is  but  faintly  imitated 
in  the  early  stages  of  tuberculosis  of  the  lungs. 

In  the  normal  subject  bronchial  resonance,  more  or  less  persisting 
under  stethoscopic  pressure,  is  noted  in  front,  on  the  right  to  about  the 
fourth  rib,  on  the  left  to  about  the  third  rib.  The  whisper,  if  gentle, 
reaches  en  the  right  scarcely  below  the  first  intercostal  space  and  on  the 
left  is  confined  to  the  inner  half  of  the  same.  The  persistence  of  the 
whisper  down  along  the  borders  of  the  sternum  is  suspicious  of  disease. 
ami  isolated  areas  of  prolonged  or  intensified  voice  or  whisper  are  certain 
evidence  of  physical  abnormalities  in  the  chest.  As  said  before,  whispered 
sound  is  retained  during  stethoscopic  pressure  except  over  the  sternum. 
when  tins  act-  as  a  sounding  hoard.  Posteriorly,  the  acoustic  phenomena 
of  the  regions  above  and  included  between  the  scapular  spines  differentiate 
these  parts  from  those  below.  On  the  right  vocal  resonance  is  more  or 
less  marked  throughout  the  region,  gradually  fading  laterally  and  below. 
An  echoing  character  to  the  sound,  especially  in  an  isolated  area,  and  if 
retained  and  made  more  distinct  with  pressure,  is  most  significant  of 
pathological  change. 

The  whisper  should  be  confined  to  about  the  inner  half  of  the  right 
apex;  if  widely  diffused,  concentrated  in  an  isolated  area  or  prolonged. 
it  is  significant  of  pulmonary  infiltration.  On  the  left  the  bronchophony 
i-  higher  pitched  and  less  intense  and  is  apt  to  reach  not  so  low  as  on 
the  right.  The  whisper  on  the  left  is  normally  confined  to  the  upper 
inner  corner  of  the  apex. 

It  must  be  granted  that  the  study  of  the  chest  according  to  this 
method  presupposes  on  the  part  of  the  examiner  a  clear  mental  picture 
of  the  normal  acoustic  ranges,  but  a  similar  qualification  is  demanded 
of  the  expert  in  every  field  of  physical  diagnosis,  In  Sewall's  experience 
this  method  of  acoustic  diagnosis  is  much  easier  to  carry  out  and  more 
certain  in  its  results  than  the  light  ""finger-finger"  percussion  employed 
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with  such  success  by  Goldscheider2  in  detecting  apical  changes.  The 
method  also  is  applicable  over  ;ill  parts  of  the  chesi  and  i~  nut  limited, 
like  the  latter,  to  the  upper  portion.  Knowing  the  normal  acoustic 
characters  of  the  apices,  it  requin  s  bul  little  time  or  effort  to  apprehi  ad 
the  signs  of  disease.  A  bronchophony  evi  r  so  slightly  metallic  and 
_.  rendered  more  distincl  and  oearer  the  ear  by  pressure,  denotes 
a  pathological  condition  in  the  lung.  A  whisper  distributed  unduly 
widely,  especially  if  prolonged,  signifies  the  same  thing.  The  discrimi- 
nation of  the  nature  of  th<  pathologic  change  into  congestion,  consoli- 
dation, excavation,  etc.,  is  a  matter  of  detail  which  does  not  concern 
ns  here. 

DIAGNOSIS     B"5      MEANS    OF     X-BAYS 

All  examinations  were  made  skiagraphically  with  the  subjeel  stripped 
to  the  waisl  and  lying  prone  with  the  Bcapulae  thrown  well  outward.  The 
antikathodi  was  centered  over  the  spine  of  the  fifth  dorsal  vertebra  (oppo- 
site the  junction  of  the  second  rib  with  the  sternum  )  and  a1  a  distance  of 
25  inch.-  from  the  plate.  The  earlie]  pictures  were  made  with  the  use 
of  a  coil  and  exposures  of  five  to  ten  seconds;  the  later  with  a  trans- 
former and  exposures  of  one-half  to  two  seconds.  The  later  plates  were 
much  the  more  satisfactory. 

As  it  was  our  special  object  to  determine  the  skiagraphic  signs  of 
the  earliesi  stages  of  pulmonary  tuberculosis  and  to  compare  them  with 
results  of  physical  examination,  three  classes  of  subjects  engaged 
our  particular  attention:  (1)  completely  normal;  (2)  those  suspected 
of  incipient  tuberculosis;  (3)  those  certainly  afflicted  with  tuberculosis 
nut  presenting  doubtful  morbid  signs  to  ordinary  physical  examination. 
Plates  from  such  cases  were  compared  with  those  from  a  considerable 
series  of  subjects  with  more  or  less  advanced  tuberculous  infection  as  well 
as  with  various  chronic  oon-tuberculous  affections  <>\'  the  chest.  Our 
conclusions  arc  founded  on  the  stud}  of  l"1  cases  varying  in  age  from 
."i  to  59  years;  fift)  males  and  fifty-one  females.  Besides  there  were 
considered  a  considerable  number  of  plates  the  originals  of  which  were 
nut  submitted  to  physical  examination.  The  extensive  literature  on 
thoracic  skiagraphy  has  nol  yielded  to  us  a  wholh  satisfactory  description 
of  the  normal  chesi  negative.  In  fact,  we  have  come  to  conclude  thai  the 
"normal"  chest,  from  the  x-t&)  viewpoint,  is,  at  leas!  in  the  adult,  well- 
nigh  an  ideal.  A  person  may  be  clinicall}  perfectly  well  while  the 
rontgenogram  <<\'  his  chesi  shows  structural  changes  of  pathologic  nature. 
This  should  be  anticipated  when  we  consider  thai  the  x  i.n  plate  reveals 
the  optically  indelible  mark-  of  ever}  pathologic  Btruggle  which  the 
thoracic  viscera  have  survived.  It  Beems  to  be  the  general  opinion  of 
investigators  thai  the  ordinarj  contents  of  the  thorax  are  mure  or  less 
opaque  to  the  a:-rays  Bomewhai   in  the  following  order:   (li  deposits  <>( 
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lime,  as  in  calcined  glands;  (2)  bone;  (3)  altered  lyrnph-nodes ;  (4) 
blood;  (5)  fibrous  tissue;  (6)  muscular  tissue.  It  is  generally  agreed 
that  normal  lymph-nodes  and  early  tubercles  cast  no  shadow.  The  same 
may  be  said  of  mucoid  secretions  which  may  give  rise  to  abundant  rales. 

THE    NEGATIVE     PLATE     OF     THE    NORMAL    CHEST 

It  is  an  obvious  but  important  consideration  that  the  technical  prepa- 
ration of  the  negative  largely  determines  the  configurations  which  it  will 
reveal.  In  order  to  distinguish  between  the  dense  shadows  of  the  medias- 
tinum, for  example,  the  finer  lines  in  the  body  of  the  lung  are  washed 
away.  The  technical  skill  of  the  rontgenologist  is  determined  by  his 
choice  and  use  of  apparatus  best  designed  to  differentiate  coarse  structures 
while  preserving  the  details  of  delicate  figures.  It  is  also  obvious  that  the 
sharpness  of  outline  and  apparent  density  of  objects  which  cast  shadows 
are  increased  in  proportion  to  their  proximity  to  the  plate.  Thus  a 
calcified  area  in  a  costal  cartilage  casts  a  dense  and  well-defined  shadow 
when  the  subject  lies  prone  on  the  plate  while  the  same  object  may  be 
ill-defined  and  hazy  if  the  subject  lies  on  his  back.  Therefore  pictures 
of  the  same  lungs  may  show  very  different  details  of  structure,  especially 
in  diseased  conditions,  according  as  the  plate  has  been  exposed  at  the 
front  or  back  of  the  chest. 

In  the  more  or  less  uniformly  dense  shadow  of  the  normal  medias- 
tinum three  distinct  intensifications  of  the  opacity  can  be  brought  out. 
The  topmost  obviously  is  caused  by  the  arch  of  the  aorta  which  toward 
its  descent  is  seen  in  optical  section.  The  middle  one,  situated  within 
the  base  of  the  heart,  we  believe  to  be  due  chiefly  to  optical  section  of  the 
pulmonary  arter}r.  The  lowermost  shadow  seems  to  be  seated  on  the 
diaphragm,  and  its  causation  is  more  problematical.  The  lateral  borders 
of  the  mediastinum  vary  greatly  in  defmiteness,  especially  on  the  right 
side.  When  the  outlines  are  clear  cut,  which  is  especially  true  in  cases 
of  disease  in  which  the  mediastinum  is  broadened,  it  appears  as  if  the 
boundaries  of  the  region  must  be  made  by  the  dense,  fat-infiltrated, 
median  pleuropericardial  membranes  seen  in  optical  section.  The  extreme 
upper  left  hand  corner  of  the  mediastinum  is  sharply  outlined  by  a  dense 
shadow  which  obviously  represents  the  arch  of  the  aorta  and  projects  as 
a  more  or  less  prominent  circular  segment  which  has  no  doubt  frequently 
been  misinterpreted  as  an  aneurysmal  dilatation.  The  left  outline  of  the 
descending  aorta  inclines  inward  from  the  arch  and  is  usually  lost  in  the 
shadow  of  the  spine  at  about  the  level  of  the  seventh  dorsal  vertebra. 
In  a  few  pictures,  mostly  when  taken  in  extreme  inspiration,  the  outlines 
of  the  ascending  aorta  may  be  traced  rising  from  the  base  of  the  heart 
and  passing  up  outside  the  right  border  of  the  vertebral  column  (Fig.  1)  ; 
but  usually  this  part  of  the  aortic  arch  is  hidden  within  the  shadow  of  the 
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spine.  With  the  antikathode  situated  as  described  the  summit  of  the 
aortic  arch  should  about  correspond  with  the  lower  edge  of  the  sternal 
attachment  of  the  clavicles.  A  constant  veil-like,  or  sometimes  rather 
dense,  shadow  forms  a  strip  some  two-thirds  of  an  inch  in  width  and 
extends,  tangent  to  the  spine,  from  the  inner,  lower  border  of  the  right 
clavicle  to  the  superior  outline  of  the  right  side  of  the  heart  in  which 
it  terminates  after  apparently  bending  somewhat  inward.  This  shadow 
is  usually,  and  probably  correctly,  ascribed  to  the  superior  vena  cava.  It 
may  be  intensified  by  the  shadows  of  the  ascending  aorta  and  the  root  of 
the  right  lung.  The  shadow  of  the  heart  does  not  particularly  concern  us 
here  and  the  special  consideration  of  its  extraordinary  variation-  - 
reserved  for  another  communication. 

The  trachea  is  readily  recognized  as  a  dark  streak  half  an  inch  or 
more  wide  with  whitish  edges,  running  down  the  upper  spine  more  or 
less  to  the  right  of  the  median  line  and  usually  inclining  decidedly  to  the 
right  after  entering  the  thorax.  The  main  right  bronchus  is  clearly 
distinguished  leaving  the  trachea  at  a  very  oblique  angle;  it  enters  the 
root  of  the  lung  from  its  mesial  side  and  frequently  radial  dark  streaks, 
sser  bronchi,  spring  from  its  extremity  within  the  hilus  and  reach  tc 
the  diaphragm  and  far  toward  the  outer  confines  of  the  lung.  Sur- 
rounding the  main  right  bronchus,  chiefly  on  its  outer  border,  is  one  of 
the  most  characteristic,  variable  and  important  skiagraphic  features  of 
the  chest.  It  is  the  shadow  of  the  hilus  or  root  of  the  right  lung.  Its 
outer  margin  usually  reaches  about  iy2  inches  to  the  right  of  the  spine 
and  its  upper  and  lower  borders  are  commonly  included  between  the 
lower  margin  of  the  sixth  and  the  upper  margin  of  the  eighth  ribs 
rteriorly.  But  variation?  in  the  area  and  the  structural  characters  of 
the  root  form  perhaps  the  most  striking  features  of  early  pathological 

nges  in  the  lung.  Between  the  bronchus  and  the  vertebral  shadow 
the  root  is  usually  represented  on  the  negative  as  a  more  or  less  dense, 
homogeneous  cloud,  though  in  development  of  the  plate  this  space  may 
be  cleared  so  that  the  portion  of  the  root  inclosing  and  external  to  the 
bronchns  may  be  separated  from  the  mediastinal  -hadow  by  a  dark 
hand.  The  root  external  to  the  bronchns  varies  indefinitely  in  its  struc- 
ture. In  the  normal  subject  it.  resembles  somewhal  a  Bemitransparent 
cirrus  cloud  which  may  be  homogeneous  or  crossed  with  more  opaque 
eaks  or  mottled  with  denser  nodule-,  and  it  is  interspersed  with  dark 
areas  which  evidently  represent  longitudinal  or  optical  sections  of  the 
bronchial  branches.  In  the  more  successful  negatives  well-outlined. 
homogeneous  shadows  run  through  the  root  and  can  hardly  be  anything 
but  the  larger  blood-vessels  (Pig.  1  )■ 

Of  all  our  negatives  perhaps  the  most  instructive  were  those  taken 

m  two  subjects,  both  young  men.  of  85  and  2!)  years,  respectively, 
of  whom  was  in  all  respects  normal  and  the  other  presented  to  physical 
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examination  slight  suspicion  of  apical  infiltration.  Negatives  were  made 
of  these  subjects  in  various  phases  of  respiration.  In  forced  expiration, 
in  which  the  expiratory  effort  was  continued  with  the  nostrils  pinched 
together  at  the  end  of  deep  expiration,  the  general  field  of  the  lung  was 
shadowed,  evidently  by  the  crowding  together  of  the  minute  blood-vessels 
as  well  as  by  compression  of  the  air-cells;  the  apices  were  brought  well 
into  view  by  depression  of  the  clavicles  and  their  vessels  were  injected 
(Fig.  2).  Especially  interesting  were  the  pictures  taken  at  the  end  of 
deep  inspiration,  the  inspiratory  effort  being  continued  with  nose  and 
mouth  closed  for  several  seconds  before  exposure.  In  these  negatives 
the  ramifications  of  the  vascular  tree  were  well-defined  throughout  the 
lungs,  and  at  the  same  time  the  divisions  of  the  bronchial  air-tubes  were 
clearly  indicated.  The  root  of  the  right  lung  in  one  of  the  pictures 
(Fig.  1)  was  manifestly  made  up  of  a  great  vascular  trunk  from  which 
clearly  defined  branches  could  be  traced,  breaking  into  finer  and  finer 
divisions,  to  the  outskirts  of  the  lung.  On  most  plates  the  root  area  is 
coarsely  mottled  with  more  or  less  diffuse  opacities  varying  from  one- 
eighth  to  one-third  inch  in  diameter,  and  in  cases  of  tuberculous  disease, 
or  of  older  "normal"  subjects,  very  dense  circular  or  irregular  shadows, 
usually  not  exceeding  one-foi;rth  inch  in  diameter,  may  be  scattered 
through  the  roots. 

The  radiographer  is  apt  confidently  to  define  these  denser  concretions 
as  calcified  glands,  and  such  they  probably  are.  In  a  negative  taken 
during  deep  inspiration  we  found  a  cluster  of  four  tiny  very  dense  nodules 
typical  of  calcification.  In  two  other  plates  from  the  same  subject,  one 
taken  in  deep  expiration  and  the  other  in  moderate  inspiration,  the  same 
nodules  were  recognized  but  appeared  diffuse  as  do  the  shadows  of  small 
blood-vessels.  The  interpretation  of  less  dense  and  more  diffuse  opacities 
is  chiefly  guess-work.  They  usually  represent  either  pathological  lymph- 
nodes  or  blood-vessels  in  more  or  less  optical  section.  The  beginner  in 
such  diagnoses  is  apt  to  class  them  all  as  bronchial  glands  but  with  riper 
experience  he  is  almost  equally  inclined  to  consider  them  to  represent 
blcod-vessels  seen  in  optical  section.  For  our  part  we  think  that  the 
homogeneity  of  the  nodular  shadow,  with  a  density  decreasing  from  the 
center,  stands  for  its  vascular  origin,  while  internal  differentiation  or 
irregularity  of  outline  of  a  markedly  dense  shadow  signifies  glandular 
infiltration;  each  case  must  be  judged  by  itself. 

The  main  left  bronchus,  less  often  seen  than  the  right,  takes  a  course 
more  nearly  horizontal  than  the  latter.  The  hilus  shadow  which  sur- 
rounds it  is  therefore  somewhat  elevated  and  displaced  to  the  left.  The 
root  of  the  left  lung  is  apt  to  be  obscured  by  what  we  take  to  be  the 
pleuro-pericardial  membrane  which  forms  the  left  border  of  the  medias- 
tinum.    It  is  usuallv  more  homogeneouslv  cloudv  and  less  clearlv  differ- 
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entiated  in  structure  than  the  right  root,  probably  because  of  its  elo« 
contact  with  the  pulsatile  structures  of  the  mediastinum.  Just  outs 
the  lower  border  of  this  root  it  is  common  to  find  opaque,  diffuse  mass  - 
of  probably  vascular  origin  and  these  are  habitually  interspersed  with 
four  or  five  well-defined,  dark,  circular  or  elongated  areas  which  undoubt- 
edly represent  the  sections  of  a  cluster  of  bronchi,  since  they  persist  in 
plates  of  the  same  chest  taken  in  state-  of  extreme  inspiration  and  forced 
expiration.  Furthermore,  as  the  physical  examination  at  times  deter- 
mines a  well-marked  isolated  echo  of  voice  and  whisper  in  the  nearest 
area  on  the  front  of  the  left  chest,  between  the  third  and  fourth  left 
costal  cartilages,  it  may  be  assumed  that  such  bronchi  occasionally  incline 
forward  from  the  root._  Less  constantly,  in  our  plates,  in  a  similar  area 
in  the  right  lung,  that  is,  outside  the  lower  margin  of  the  root,  a  group 
of  circular  shadows,  apparently  bronchi,  can  likewise  be  made  out.  In 
certain  degrees  of  pulmonary  fibrosis  the  circular  dark  areas,  which  we 
interpret  as  optical  section^  of  bronchi,  are  numerous  and  widely  dis- 
tributed through  the  lungs.  Radiating  from  the  roots  of  the  lungs  are 
the  branches  of  the  "bronchial  tree.''  We  have  been  accustomed  to  group 
them  as  lower  vertical,  lower  oblique,  lateral,  upper  oblique  and  upper 
vertical;  the  oblique  being  usually  offshoots  from  the  vertical  radiation-. 
Seldom  have  we  found  the  well-marked  differentiation  of  three  main 
stems  on  the  1 1 i_r  1 1 1  as  distinguished  from  two  on  the  left  as  described  by 
Dunham  and  his  coworkers.4  The  radiations  on  the  left,  especially  in 
the  lower  part  of  the  lung,  have  a  diffuseness  and  homogeneity  which 
distinguishes  th<  m  from  the  Bharply  defined  figures  on  the  right,  although 
some  of  our  plate-  show  them  equally  as  clear-cut.  1  >unliain*s  explanation 
of  this  difference  as  being  due  to. the  greater  influence  of  cardiac  pulsation 
on  the  left  Bide  can  hardly  be  questioned.  The  radiations  proceed  from 
the  root,  branching  into  liner  and  finer  offshoots  forming  a  tangled 
network  which  in  the  beel  negatives  is  visible  to  the  extreme  confines  of 
the  chest.  The  vertical,  ascending  and  descending,  are  usually  much 
more  prominent  than  the  lateral  radiations.  Circumscribed  within  the 
radiation-  are  circular  dots  of  considerable  opacity  which  manifestly,  in 
many  cases  at  least,  represenl  the  optica]  sections  of  vascular  offshoots 

from   the   parent   blood  We  do  not   enter  the  still   vigorous  debate 

as  to  the  anatomical  origin  of  the  so-called  "bronchial  tree."  lml  maintain 
tb  it  in  the  negative  of  the  normal  lung  of  the  youthful  Bubjecl  the 
opaque  radial  shadows  are  wholly,  or  nearly  wholly,  of  blood-vascular 
origin,  while  the  dark  streaks  represenl  ramifying  bronchi.    A  structural 

mark   of  the   hemic  origin   of  a    radial   -hadow   -e.  m-    to   US   to  enm-i-t    in 

the  homogeneity  of  the  shadow. 


I.  Dunham,  Boardman  and  Wolman:     The  Stereoscopic   \  raj  Examinations  of 
the  Chest   with   Especial   Reference  to  the  Die  ;    Pulmonary  Tuberculosis. 

Bull.  Johns  Hopkins   Hosp.,  July,  I'M  I. 
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In  older  subjects  and  in  lungs  altered  by  disease  it  is  common  to  find 
sharply  double-contoured  radiations  inclosing  an  unshadowed  core;  these 
are  probably  bronchi.  In  such  radiations  especially  dense  and  often 
irregular  concretions  are  numerous  and  have  been  defined  by  us  as  fibroid 
or  calcareous  glands.  Little  doubt  can  exist  that  an  especially  dense 
shadow  occurring  isolated  in  a  dark  field  and  of  greater  diameter  than 
the  radiations  about  it  is  even  in  the  "normal"  subject  due  to  a  glandular 
concretion.  Eadiographic  study  of  the  apices  of  the  lungs,  so  important 
in  considering  the  early  changes  in  tuberculosis,  should  engage  a  special 
arrangement  of  plate  and  table.  In  our  work,  a  uniform,  faintly  "ground 
glass"  appearance  of  the  apices  was  presumed  to  be  normal.  It  is  com- 
mon to  find  the  internal  half  of  each  apex  traversed  by  delicate  fibrils 
which  are  continuations  of  the  vertical  radiations  from  the  root,  and  the 
whole  field  may  be  softly  stippled  with  what  are  evidently  vascular 
nodules.  A  fine  network  of  what  we  interpret  as  vascular  lines  is  some- 
times seen  throughout  the  field  of  the  apex  in  young  subjects  (Fig.  3). 
This  appearance  is  probably  typical  of  incipient  apical  tuberculosis;  it 
is  probably  preceded  by  the  stippled  condition  referred  to  above.  The 
configurations  in  the  apex  closely  resemble  those,  undoubtedly  of  vascular 
origin,  which  appear  in  the  inferior  lappets  of  the  expanded  lung  where 
it  fills  in  the  space  made  by  retreat  of  the  diaphragm  from  the  chest  wall. 
(Fig.  1.)  The  lower  half  of  the  left  lung  is  usually  deficient  in  the 
network  configuration  conspicuous  on  the  right  side,  possibly  because  the 
vertical  elements  of  the  arborization  are  blurred  by  the  pulsations  of  the 
heart.  Not  infrequently  large  unshadowed  areas  or  clefts  may  appear  on 
a  plate  showing  otherwise  good  general  detail  of  configurations.  They  are 
doubtless  due  to  the  fact  that,  especially  in  the  phase  of  inspiration, 
certain  sagittal  sections  of  the  lung  are  relatively  free  from  opaque 
structures. 

As  an  interesting  side  issue,  attention  may  be  called  to  the  extra- 
ordinary lateral  compression  of  the  liver  which  results  from  vigorous 
inspiratory  contraction  of  the  diaphragm.  Such  massage  must  be  of 
extraordinary  moment  to  the  circulation  (Figs.  1  and  2). 

To  conclude  this  description  of  the  normal  lung-negative,  we  think 
that  the  configurations  in  the  skiagram  of  the  lungs  of  a  youth  free  from 
history  of  chest  disease  are  almost  altogether  of  vascular  origin.  Never- 
theless, in  the  neighborhood  of  the  hilus  a  bronchus  seen  in  optical  section 
may  occasionally  have  its  circumference  indicated  by  a  definite  ring  (as 
in  the  right  hilus  in  Fig.  1 ) .  As  age  increases,  especially  in  subjects  who 
have  habitually  breathed  in  a  dusty  atmosphere,  the  roots  and  radiations 
of  the  lungs  exhibit  concretions  and  intensified  streaks  which  at  present 
are  interpreted  by  us  as  resulting  from  deposits  in  the  bronchial  glands 
and  from  peribronchial  fibrosis.  In  the  healthy  lung  all  collections  of 
dense  shadows  are  in  immediate  relation  with  the  root. 
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THE  SKIAGRAM  OF  THE  TURERCULOUS  LUNG 

In  the  advanced  case  of  tuberculosis  the  picture  differs  so  widely  from 
the  normal  as  to  appear  to  be  characteristic  of  the  disease;  yet  we  have 
not  been  able  to  distinguish  in  the  ./-ray  plates  such  cases  from  that  of  a 
patient  who  succumbed  to  a  lung  disease  of  undetermined  nature  in  which 
sputum  examination  remained  for  years  negative  as  to  tubercle  bacilli.  A 
presumably  non-tuberculous  stone-cutter  furnished  a  skiagram  in  which 
except  for  the  relatively  moderate  involvement  of  the  apices,  the  mini 
deposits  occasioned  opacities  resembling  the  densest  of  tuberculous  struc- 
tures. The  negative  of  the  lung  in  advanced  tuberculosis  shows  usually 
most  marked  changes  at  the  apices  and  upper  lobes.  More  or  less  dense 
masses  of  shadow  occur  throughout  the  affected  portion.  A  very  charac- 
teristic appearance  is  the  loss  or  diminution  of  radiations  between  such 
shadows  and  the  root  of  the  lung,  and  a  separation  of  the  shadowed  area- 
from  the  general  scheme  of  arborization.  It  is  to  be  suspected  that  tin 
a;-ray  diagnosis  of  early  incipient  cases  of  tuberculosis  has  usually  been 
attempted  from  the  viewpoint  of  this  morbid  picture  rather  than  from 
that  of  the  normal  one. 

Before  attempting  to  designate  the  Roentgenographs  criteria  of  incip- 
ient tuberculosis  it  will  be  profitable  to  consider  from  an  a  priori  stand- 
point what  changes  the  skiagram  in  such  a  condition  should  be  expected 
to  show.  It  is  generally  admitted  that  fresh,  newly-formed  tubercles  cast 
no  shadows  in  the  radiographs.  Max  C'ohn,5  who  has  devoted  spevial 
study  to  the  subject,  declares  that  the  characteristic  mottling  found  on 
the  negatives  in  cases  of  acute  miliary  tuberculosis  is  due,  nut  to  the 
tubercles  themselves,  but  arises  from  the  intense  vascular  engorgement 
accompanying  the  condition.  A  case  of  our  own  has  impressed  us  with 
the  correctness  of  this  conclusion.  We  tan  set  no  limit  to  the  interval 
between  the  formation  of  the  tubercle  and  the  development  within  it  am! 
in  the  surrounding  tissues  of  such  physical  changes  as  will  block  the 
ar-rays  and  caai  a  shadow.  It  may  well  he  that  in  tuberculous  tissue 
opacity  to  the  rays  may  be  long  delayed  after  tlie  advent  of  clinical  tuber« 
culosis,  which  is  essentially  a  chemical-physiological  phenomenon. 

If  the  Rcentgen-raye  then,  are  f<>  aid  in  the  early  diagnosis  of  pul- 
monary tuberculosis,  it  musl  he  chiefly  or  largely  through  their  ability  to 
differentiate  vascularities  in  the  Lungs.  In  their  excellenl  paper  Dunham4 
and  his  co-workers  think  they  have  distinguished  a  pathognomonic  sign 
of  early  tuberculous  infections  in  the  delicate  arborization  of  hue  lines 
frequently  Bees  in  the  negatives  from  ease.-  of  incipient  tuberculosis. 
If  we  have  rightly  apprehended  their  description  we  mual  ascribe  this 

5.  Cohn  M.:  Die  anatomische  Bedeutung  dei  Lungenrtfntgenogramme  und  ihre 
Beziehungen  zur  ROntgendiagnostik  der   Lungentuberkulose.     Ztschr.  f.  Tuberk., 

April.   I'll),  xvii,  Lil7. 
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configuration  to  a  vascular  engorgement  which  cannot,  strictly  speaking, 
be  considered  of  itself  alone  as  pathognomonic  of  tuberculosis.  If 
changes  in  vascular  congestion  connote  the  incipient  stage  of  tuberculous 
infiltration,  their  recognition  must  be  determined  by  comparison  with 
the  normal  circulation  pictures.     We  shall  return  to  this  subject  later. 

The  apex  of  the  normal  lung  has  usually  appeared  on  our  negatives 
as  a  uniformly  unshadowel  or  slightly  "ground  glass"  field  without  con- 
figurations. But  it  is  common  to  find  linear  extensions  of  the  vertical 
radiations  from  the  root  penetrating  and  traversing  the  inner  portion  of 
the  apex,  especially  on  the  right  side.  These  are  usually  taken  for  normal 
figures;  nevertheless  it  is  well  to  bear  in  mind  the  careful  work  of  F.  W. 
Jones,6  who  advances  the  hypothesis  that  infection  of  the  right  apex 
arises  from  direct  contact  with  the  main  right  trunk  of  the  thoracic  duct 
in  which  the  tuberculous  process  starts.  The  local  changes  in  such  a 
process  should  be  impressed  on  the  negative.  Occasionally,  and  especially 
in  undoubted  cases  of  tuberculosis,  the  linear  streaks  are  not  confined  to 
the  inner  part  of  the  apex,  but  this  whole  region  is  occupied  by  a  network 
of  similar  fine  lines  running  in  all  directions ;  more  commonly  still,  a  soft 
stippling  is  imparted  to  the  area. 

A  study  of  our  negatives  leads  to  the  conclusion  that  this  appearance 
of  an  isolated  vascular  network  in  the  apices  is  typical  of  a  condition 
which,  occurring  anywhere  in  the  lungs,  is  indicative  of  a  focus  of  tuber- 
culous irritation.  In  the  normal  lung  picture  the  arborizations  are  wont 
to  have  a  characteristic  regularity.  The  size  of  the  trunks  diminishes 
regularly  from  their  origin  at  the  hilus  and  their  branches  break  up  into 
finer  and  finer  twigs  which  interlace,  more  conspicuously  in  the  right 
lung,  and  the  network  becomes  more  delicate  until  lost  in  the  periphery. 
Such  a  regularity  of  arborization  is  still  maintained  in  the  greatly  inten- 
sified configurations  presented  in  non-tuberculous  patients  having  symp- 
toms of  chronic  bronchitis  with  asthma  and  in  whom  fibroid  changes  in 
the  lungs,  with  more  or  less  pneumonokoniosis  are  suspected,  though  we 
are  inclined  to  think  that  the  discrete  masses  found  in  the  lungs  in  cases 
of  "miners'  consumption"  may  likewise  occur  dissociated  from  the  radial 
figures.  The  evidence  leads  to  the  suspicion  that  isolated  patches  of 
accentuated  vascularity,  not  directly  related  to  the  radial  vessels  springing 
from  the  hilus,  are  the  very  earliest  pathognomonic  skiagraphic  signs  of 
tubercularization  of  the  lung  tissue. 

A  still  earlier  skiagraphic  evidence  of  tuberculosis  which,  however, 
does  not  appear  to  us  to  be  specific  of  the  disease,  is  an  increase  of  vascular 
congestion  denoted  by  thickening  of  the  vessels  supplying  the  affected 


6.  Jones,  F.  W. :  An  Anatomical  Inquiry  into  the  Pathway  of  Tuhercular  Infec- 
tion, Lancet,  April  2,  1910,  914. 
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areas  which  themselves  arc  hyperemic.  Both  Levy-Dorn  and  Cornet7  and 
Dunham4  call  attention  to  the  same  appearance.  This  thickening  of  the 
main  trunk  connecting  the  hilus  with  the  tuberculous  area  may  be  noted 
in  an  old  case  of  disease  in  which  activity  is  renewed;  but,  as  pointed  out 
above,  we  believe  the  characteristic  tuberculous  picture  tends  to  preserve 
the  peripheral  network  while  more  or  less  eliminating  the  radial  stem 
from  which  it  arose.  It  is  as  if  the  infecting  seed  transported  to  a 
peripheral  area  had  there  multiplied  independently. 

It  is  impossible  to  determine  from  the  a?-ray  negative  at  what  period 
the  area  of  localized  ((ingestion,  which  we  think  the  earliest  sign  of 
parenchymal  tuberculosis,  begins  to  show  the  shadows  of  tuberculous 
deposits  per  se.  In  old  tuberculous  infiltrations  one  can  only  sum 
often,  which  shadows  are  due  to  pathological  deposits  and  which  to 
vascular  congestions.  If  these  parenchymal  vascular  changes  have  any 
relation  to  early  tuberculous  infiltration  it  must  be  conceded  that  they 
characterize  the  lower  portions  of  the  lung  scarcely  less  than  those  per- 
taining to  the  apices.  We  shall  revert  to  this  point  later.  But  it  is  the 
appearance  of  the  hilus  regions  which  especially  attracts  the  eye  in  the 
Roentgen"  negative.  Increase  in  the  area  of  the  root  shadow,  alterations 
in  the  apparent  consistency  of  it-  matrix,  nodular  condensations  which 
are  inevitably  referred  to  glandular  changes,  are  common  when  the  rest 
of  the  lung  presents  nothing  abnormal.  Hence  it  is  the  common  view  of 
radiologists  that  tuberculous  infection  begins  at  the  root  of  the  lung. 
while  pathologists  are  generally  agreed  that,  at  least  in  adults,  the  dis- 
order arises  at  the  apices.  We  cannot  but  suspect  that  both  opinions 
are  formed  on  \';\<-i<  whose  antecedents  have  escaped  observation.  We  may 
be  permitted  to  express  a  provisional  hypothesis  which  these  r-rav  studies 
li;,V(.  suggested.  The  suspicion  i~  Btrong  that  pulmonary  infection  usually 
find  I  in  the  glands  at  tin  Inn-  roots.    The  infection  proceeds 

thence  in  nil  directions.  But  the  mechanical  conditions  at  tin  apex  are 
such  that  the  lung  in  this  region  has  relatively  little  power  to  expel  the 
intruding  bacillus  which,  therefore,  is  enabled  to  settle  and  reproduce 
it-  hind. 

The  instructive  experiments  of  Bacmeister8  are  pertinent  in  this 
connection.  It  is  well  known  that  intravenous  inoculation  of  tubercle 
bacilli  may  be  followed  by  a  general  but  not  especially  an  apical  tuber- 
culosis. Bacmeister  inoculated  a  series  of  rabbits  through  an  ear  vein 
with  an  emulsion  of  tubercle  bacilli.  In  Bome  of  the  rabbits  he  had 
previously  to  an  extent  constricted  off  the  apices  of  the  Lungs  by  a  wire 


7.  Levy-Dora,  F.  M.,  ;nj'l  Cornet,  it .:  Das  ROntgenbild  dea  Donnalen  Thorax 
mil  Rtlcksicht  aui  die  Diagnose  <lei  Phthisie,  Berl.  Klin.  Wchnschr.,  Mm\  25, 
u.  1004. 

-  Bacmeister:  Experimentelle  Lungenspitzentuberkulose.  Ac&tundzwanzigsta 
i    mg.  !.  inn.  Med.,  1911,  p.  290. 


HENRY     8EWALL—S.     B.     GBILDS  65 

twisted  about  the  anterior  part  of  the  chest.  In  these  cases  isolated, 
apical  lnng  tuberculosis  was  produced.  Further,  the  elaborate  studies  of 
Hart9  showed  that  persons  having  a  short  first  rib,  by  which  the  apex  is 
constricted  at  its  junction  with  the  lower  lung,  are  distinctly  predisposed 
to  tuberculous  infection. 

X-ray  study,  in  our  opinion,  gives  support  not  only  to  a  theory  of 
root  origin  of  the  infective  process,  which,  according  to  Eieder10  and 
others,  is  constant,  but  to  the  view  that  in  certain  cases  the  apex  is  the 
source  of  the  trouble.  In  the  plates  from  these  patients  there  is  well- 
marked  vascularity  at  the  apex  and  the  root  itself  is  practically  normal. 
But  separated  from  and  parallel  to  its  outer  circumference  may  be  found 
a  crown  of  well-marked  opacities  which  forms  a  distinctive  picture. 

It  may  be  repeated  that  in  the  very  earliest  cases  of  tuberculosis 
nothing  more  distinctive  is  portrayed  than  evidence  of  increased  vascu- 
larity, which  may  be  noted  in  one  or  both  bases  as  well  as  in  the  apices, 
and  in  which  areas  of  congestion  tend  to  occur  like  nests  more  or  less 
distinct  from  the  hilus  radiations. 

These  features  become  more  and  more  pronounced,  with  the  addition 
of  signs  of  tissue  changes,  as  the  clinical  course  of  the  disease  progresses. 

The  reaction  to  tuberculin  injections,  as  investigated  in  numerous 
German  researches,11  would  seem  to  offer  crucial  evidence  of  the  patholog- 
ical significance  of  the  skiagraphic  changes.  This,  however,  is  a  false 
hope,  for  after  a  positive  tuberculin  test  we  are  still  in  doubt  as  to  whether 
the  reacting  focus  has  been  latent  or  of  clinical  significance.  It  was 
considered  inexpedient  to  submit  our  patients  to  the  subcutaneous  test, 
but  the  v.  Pirquet  skin  test  was  made  in  forty-seven  cases.  Of  these 
forty-one  reacted  positively,  two  of  them  only  after  a  second  trial,  and 
six  negatively.  In  the  forty-one  cases  with  positive  reaction  the  physical 
diagnosis  of  the  lungs  was  negative  ten  and  doubtful  fourteen  times; 
the  x-ray  diagnosis  was  negative  thirteen  and  doubtful  fifteen  times.  In 
two  patients,  aged  19  and  20  years,  the  skin  test  was  in  each  twice  nega- 
tive, while  the  physical  and  a;-ray  findings  were  positive.  In  two  other 
patients,  aged  50  and  25  years,  negative  to  v.  Pirquet,  our  examinations 
were  classed  as  doubtful.  It  is  probable  that  with  wider  experience  the 
length  of  our  "doubtful"  list  would  be  considerably  reduced.  This 
investigation  has  proved  so  full  of  suggestion  that  we  regard  the  careful 
study  of  100  subjects  only  as  the  introduction  to  further  research.    We 


9.  Hart,  Carl:  Die  Disposition  der  Lungenspitzen  zur  tuberkulosen  Phthisie 
und  das  Lokalisationsgesetz  des  ersten  Tuberkulosenherdes.  Miinchen.  med. 
Wchnschr.,  Jan.  19,  1909.  hi  p.  123. 

10.  Rieder,  H. :   Die  friihzeitige  Erkennung  der  Liingentuberkulose  mit  Hiilfe 
der  Rontgenschatten.     Deutsch.  Arch.  f.  klin.  med.,  1909,  xciv,  G2. 

11.  Cf.   researches   by   Schlayer,   Deutsch.   med.   Wchnschr.,    1908,   xxxiv,   866; 
Max  Wolff,  Berl.  klin.  Wchnschr,,  Jan.  17,  1910,  xlvii,  p.  118  (Abst.),  etc.,  etc. 
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have  found  a  general,  and  frequently  surprisingly  close,  agreement 
between  the  conclusions  arrived  at  through  physical  examination  and 
study  of  the  .r-ray  negative.  Though  the  interpretation  of  the  meaning 
of  morbid  physical  signs  was  frequently  in  error,  such  signs  when  found 
were  demonstrated  almost  invariably  on  the  x-ray  plate  to  have  a  physical 
basis. 

SUMMARY 

Our  general  conclusions  may  be  summarized  as  follows: 

1.  Auscultation  of  the  voice  and  whisper  affords  an  exceedingly 
delicate  index  of  pathological  changes  in  the  lungs. 

2.  Vocal  resonance  involves  vibrations  both  of  the  thoracic  viscera 
and  of  the  chest  wall.  The  latter  vibrations  may  be  damped  and  removed 
from  consideration  by  pressure  applied  to  the  bell  of  the  simplest  form 
of  air-conducting  stethoscope.  The  whisper,  under  ordinary  conditions, 
does  not  evoke  the  resonance  of  the  parietes;  it  bespeaks  only  visceral 
conditions.  It  is  rendered  plainer  and  brought  nearer  the  ear  by  steth- 
oscopic  pressure. 

3.  Eor  the  purposes  of  physical  examination  the  lungs  are  separable 
into  two  natural  divisions,  namely,  the  parts  above,  which  receive  directly 
the  transverse  vibrations  emanating  from  the  trachea  and  larger  bronchi; 
and  the  parts  below,  inferior  to  the  third  intercostal  space  in  front,  which 
are  relatively  removed  from  their  influence. 

-1.  With  our  present  ability  to  produce  and  interpret  sc-ray  pictures, 
it  must  be  admitted  that  a  judgment  founded  on  clinical  history  com- 
bined with  physical  signs  may  lead  to  a  strong  suspicion  of  tuberculous 
infection  long  before  any  signs  of  actual  tissue  changes,  except  those 
involving  the  bronchial  glands,  appear  on  the  .r-ray  negative.  Never- 
theless we  believe  that  a  Bkiagram  of  the  chest,  preferably  repeated  at  not 
infrequent  intervals,  is  essential  to  the  proper  understanding  of  a  patient's 
i  ondition. 

5.  Skiagrapliic  <-\w\\  of  the  chesl  resolves  itself  into  two  natural 
divisions;  one  pertains  to  the  bilus  regions,  concerning  especially  the 
bronchia]  glands,  with  their  associated  peripheral  lymphatic  nodes,  and 
the  other  includes  the  parenchyma  of  the  lungs  itself. 

6.  Extreme  pathological  changes  in  the  glands  may  be  recognized 
with  great  facility,  but  alterations  of  moderate  grade  need  careful  judg- 
meni  in  their  interpretation. 

", .  We  agree  in  the  view  that  in  the  r-rav  negative  of  the  normal 
chest  the  opaque  arborizations  of  the  "bronchial  tree"  are  almosl  wholly 
composed  of  Bhadows  casl  by  blood-vessels.  In  non-infected  subjects  the 
bronchia]  tree  has  a  typical  symmetry  and  regularity  of  distribution.  It 
-  \<rv  suggestive  of  the  shadow  of  a  leafless  tree  casl  by  the  buh  on  an 
asphalt  pavem<  at. 
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8.  In  practically  all  our  cases  of  unproved  but  suspected  tuberculosis 
the  skiagraphic  negatives  exhibited  more  or  less  extensive  areas  of  pul- 
monary congestion,  denoted  by  thicker  branches  and  denser  arborizations 
of  the  bronchial  tree."  As  pointed  out  in  the  text,  such  congestion  may 
possibly  be  recognized  clinically  by  a  "ringing'''  quality  of  the  bron- 
chophony which  persists  under  stethoscopic  pressure.  We  are  constrained 
to  believe  that  the  recognition  of  abnormal  congestion  has  great  impor- 
tance in  the  early  diagnosis  of  pulmonary  tuberculosis.  Moreover,  since 
Levy-Dom  and  Cornet,  Dunham  and  his  co-workers  and  ourselves,  have 
independently  recognized  a  peculiar  vascularization  of  the  lungs  in  asso- 
ciation with  tuberculosis,  it  seems  probable  that  herein  exists  a  specific 
diagnostic  property  of  the  x-ray  plate. 

9.  We  proceed,  however,  a  step  further  and  venture  the  opinion  that 
in  tuberculosis  of  the  lungs  the  earliest  pathognomonic  skiagraphic  sign 
is  the  representation  of  comparatively  isolated  areas  of  vascular  conges- 
tion, which  increase  independently  of  their  connections  with  the  central 
root.  This  peripheral  focalization  of  the  congestive  process  and  its  sever- 
ance from  the  main  system  of  vascular  radiations  are  apt  to  become 
more  and  more  prominent  as  the  disease  progresses  and  shadow-creating 
deposits  are  formed. 
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THE    SELECTIVE   RELATION    OF   CERTAIN    VITAL   STAINS 

TO    THE    TUBERCLE 

PAUL  A.  LEWIS,  M.I). 
PHXL4JH  i.i'Hi.v 

Certain  coloring  matters  are  known  which,  when  administered  to  the 
living  animal,  stain  portions  of  its  tissues  without  destroying  the  life  of 
the  animal  or  that  of  the  affected  tissue.  The  first  scientific  use  of 
observations  of  this  order  is  attributed  by  Fischel1  to  Misaud  (1567), 
who  found  that  when  animals  were  fed  with  madder  the  actively  growing 
portions  of  the  bones  were  stained  red.  The.  long  continued  researches 
of  Ehrlich  on  the  physiological  relationships  of  the  anilin  dyes  has 
resulted  in  many  additions  to  the  list  of  substances  exhibiting  this  form 

i<  tivity.  and  it  is  to  be  foreseen  that  much  valuable  information  will 
in  the  future  be  derived  from  the  systematic  use  of  such  method.-. 

Recently  Goldman,2  in  the  course  of  other  studies,  has  applied  vital 
staining  methods  to  a  study  of  tuberculosis  as  produced  by  the  inoculation 
of  mice.  He  used  isamin-blue  for  this  work.  His  results,  briefly  sum- 
marized, were,  that  in  the  mild  disease  caused  by  inoculating  mice  with 
avian  tubercle  bacilli  certain  wandering  cells  of  the  tissues,  which  have  a 
special  affinity  for  this  stain,  are  very  active.  In  the  acute  disease  caused 
by  the  inoculation  of  virulent  bacilli  of  bovine  type,  these  cells  play  a 
much  smaller  part. 

Brown  and  Evans  of  Baltimore,  in  studies  so  far  unpublished,  but 
reported  before  the  Americas  Association  of  Pathologists  and  Bacteri- 
ologists at  Philadelphia,  in  April,  1912,  found  thai  in  the  rabbit's  liver, 
in  the  formation  of  the  early  tubercle  produced  by  the  direct  inoculation 
of  this  organ,  the  stellate  cells  of  Kupffer  take  an  active  part.  The  pan 
played  by  these  cells  could  be  mosl  distinctly  followed  when  they  were 

marked  out  by  staining  the  animal,  before  inoculation,  with   t rypanblau. 

The  material  at  the  Fhipps   Institute  has  recently  afforded   as  an 
Uent  opportunity  to  examine  by  these  methods  another  aspeci  of  the 

tuberculosis  problem.     The  results  have  been  sufficiently  interesting  to 

i  Rserve  the  following  brief  description: 


From  the  Henry  Phippa  Institute  of  the  University  <>f  Pennsylvania, 
Read  before  the  Pathological  Society  ot  Philadelphia,  June  13,  1912. 
I.  Fischel:  Vital  F&rbung  in  Enzyklopadie  d.  Mikroskopischen  Technik,  ed.  2, 
ij    5Q0 

•_'.  Qoldman,  K.  E.:  I»i>-  ftussere  and  Innere  Bekretion  dee  gesunden  und  kranken 
ismos  im  Lichte  der  Vitalen   Farming.     Beitrfige  eur  Klinischen  Chirurgie, 
March.  1912.  Ixxviii,  No.   1. 
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When  rabbits  are  inoculated  intravenously  with  a  suitable  number  of 
tubercle  bacilli  of  human  type  they  survive  for  months.  If  such  an  animal 
is  killed  in  from  two  to  four  months  subsequent  to  inoculation,  there  are 
found,  very  constantly,  well-developed  tubercles  in  the  lungs  and  in  the 
kidneys.  The  lung  tubercle  is  usually  located  beneath  the  pleural  surface 
and  varies  in  diameter  from  1  to  5  mm.  Occasionally  larger  masses, 
evidently  conglomerations  of  the  smaller,  are  found.  These  tubercles  in 
the  lungs  are  largely  made  up  of  moderately  firm  fibrous  tissue  and  are 
not  infrequently  caseous  at  the  center.  The  kidney  tubercles  are  of  about 
the  same  size,  but  are  less  frequently  caseous. 

Our  experiments  have  made  use  of  such  animals  and  they  have  been 
further  treated  with  the  dye-stuffs,  trypanrot  and  isaminblau.  The 
following  abstracts  from  the  protocols  and  brief  discussion  will  show  the 
interest  attached  to  the  experiments : 

/.  Isaminblau:  Rabbit  371,  Feb.  2,  1912,  was  inoculated  intravenously  with 
.5  nig.  culture  T  2.10  (human  type).  May  26,  1912,  injected  intravenously  50  c.c. 
1  per  cent,  isaminblau  R.  Intraperitoneally  25  c.c.  of  same.  Animal  moderately 
blue  at  once;  increasingly  so  for  several  days.  June  3,  1912,  killed.  Autopsy: 
Scattered  tubercles  in  the  lungs  and  kidneys.  The  tubercles  are  stained  intensely 
blue,  especially  in  their  outer  portions.  Microscopic  examination  of  frozen  sections 
shows  that  the  dye  appears  as  granules  in  large  mononuclear  cells  of  the  type 
of  endothelial  phagocytes.  These  are  found  chiefly  in  the  periphery  of  the  tuber- 
cular areas.  A  few  are  found  deep  in.  Scattered  cells  of  similar  type  also  con- 
taining dye-stuff  are  found  along  the  connective  tissue  bands  of  the  normal  lung 
tissue.  There  is  in  the  tubercle  a  small  amount  of  hyalin  substance  which  takes 
a  very  pale  blue  stain.  The  tubercles  in  this  animal  show  very  little  caseation 
and  this  is  unstained. 

II.  Trypanrot. — Rabbit  306,  Jan.  9,  1912,  was  inoculated  intravenously  with 
1  c.c.  of  suspension  of  original  material  of  cervical  glands  C.  (Human  type  infec- 
tion.) May  27,  1912,  injected  subcutaneously  10  c.c.  of  1  per  cent,  trypanrot. 
May  28,  1912,  skin  and  visible  membranes  moderately  red.  June  4,  1912,  skin  and 
membranes  still  red.  Animal  killed.  Autopsy:  Few  scattered  tubercles  in  lungs. 
None  in  any  other  organ.  Some  of  the  smaller  tubercles  in  the  lung  are  stained 
faintly  pink.  Most  of  the  smaller  ones  and  all  of  the  larger  ones  are  stained  a 
faint  pink  in  their  outer  portions  and  are  intensely  red  in  an  irregular  central 
portion  seen  only  on  section.  The  lung  tissue  is  unstained.  Microscopic  examina- 
tion of  frozen  sections  shows  a  few  scattered  mononuclear  phagocytic  cells  in  the 
outer  portion  of  the  tubercles  containing  red  granules.  Many  other  such  cells 
contain  no  stain.  The  centers  of  the  larger  tubercles  and  those  of  some  of  the 
smaller  ones  are  caseous.  The  caseous  material  is  stained  diffusely  and  quite 
intensely  red. 

The  first  of  these  experiments  shows  again  the  selective  action  of 
isaminblau  for  the  large  mononuclear  phagocytic  cell  as  pointed  out  by 
Goldman.  These  cells  are  found  abundantly  in  the  peripheral  portions 
of  fibroid  tubercles. 

The  second  experiment  is  of  great  interest,  showing,  as  it  does  con- 
clusively,  that   extraneous   chemical   substances   of  proper   constitution 
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I 
may  within  a  few  days  penetrate  to  the  caseous  center  of  a  tuberculous 

mass  and  become  concentrated  there  in  greater  degree  than  in  the  normal 

surrounding  tissues.     The  particular  substance  used  in  this  experiment. 

trypanrot,  may  probably  bo  without  effect  on  the  lesion  itself,  but  the 

result  should  be  a  great  stimulus  to  future  work  in  a  similar  direction. 

238  Pine  Street. 
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A  Cyclopedia  of  American   Biography,   Comprising   the  Lives  of   Eminent 

Deceased  Physicians  and  Surgeons  from   1610  to  1910.     By  Howard  A. 

Kelly,   M.D.     Illustrated  with   portraits,   in   two  volumes.     W.   B.   Saunders 

Co.,  Philadelphia,  1912. 

We  cannot  be  too  thankful  to  Dr.  Kelly  for  compiling  this  valuable  biblio- 
graphical cyclopedia,  entailing  as  it  does  not  only  time  and  patience  by  those 
collaborators  who  have  so  carefully  collected  material  from  various  parts  of  the 
country,  but  energy  and  industry  in  arranging  this  material  for  its  two  large 
volumes.  The  bibliography  extends  from  the  year  1610  to  1910  and  comprises  a 
short  individual  account  of  eminent  physicians,  surgeons  and  men  of  science  who 
lived  in  America  during  this  period.  It  is  certainly  more  extensive  than  any 
American  bibliography  which  has  hitherto  been  published  and  includes  the  lives 
of  many  men,  long  since  forgotten  by  the  world  at  large,  but  who,  it  seems,  as 
one  reads  their  short  histories,  have  left  a  record  worthy  to  be  set  down  in  these 
volumes. 

The  actual  bibliographical  notices  alphabetically  arranged  are  preceded  by  a 
short  introduction  including  sections  on  the  history  of  Anatomy  by  Bardeen,  of 
Surgery  by  Martin  B.  Tinker,  of  Gynecology  and  Obstetrics  by  Dr.  Kelly  himself 
and  the  special  subjects  of  Dermatology,  Ophthalmology,  Laryngology  and  Medical 
Jurisprudence.  There  is  some  lack  of  proportion  in  these  sections.  Nowhere  is 
to  be  found  the  history  of  internal  medicine,  nor  is  there  any  reference  to  the 
development  of  the  sciences  of  pathology  and  physiology  which  might  have  made 
an  interesting  chapter.  On  the  other  hand  the  space  devoted  to  laryngology  is 
out  of  all  proportion  to  that  assigned  to  other  and  broader  subjects.  In  the 
preface  the  author  draws  attention  to  the  lack  of  uniformity  of  style  and  treat- 
ment which  must  necessarily  exist  in  the  individual  biographies.  This  in  itself 
could  hardly  be  considered  a  mistake,  but  a  fault  to  which  he  also  draws  attention 
seems  a  little  more  unfortunate  when  men  of  relative  unimportance  are  given 
more  extended  notice  than  their  "worthier  compeers."  Though  this  perhaps  was 
unavoidable  owing  to  the  great  number  of  contributors,  yet  it  seems  as  though 
the  introduction  might  have  been  more  nearly  uniform. 

The  individual  histories,  often  with  references  attached,  in  spite  of  any  slight 
defects,  are  on  the  whole  most  excellent,  short,  concise  accounts;  with  more 
extended  and  complete  lives  of  those  on  whom  we  have  come  to  look  as  the  leaders 
of  the  art  and  science  of  medicine  in  this  country. 

Again  we  muse  express  our  thanks  to  Dr.  Kelly  for  putting  this  valuable  col- 
lection of  biographies  in  the  hands  of  the  public. 
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THE    INFLUENCE    OF    CARBONATED    BRINE     (NAUHEIM) 
BATHS     ON     BLOOD-PRESSURE  * 


JOHN  M.  SWAN,  M.D. 

ROCHESTER,   N.   Y. 


Last  year  I  read  a  paper  before  this  Society  entitled  "A  Resume  of 
the  Opinions  Upon  the  Nauheim  Treatment  of  Chronic  Disease  of  the 
Heart."1  In  the  course  of  that  paper  I  referred  to  the  following  statement 
made  by  Mackenzie  :2 

I  found  that  from  ten  to  twenty  years  ago,  when  the  notion  was  prevalent 
that  to  have  a  good  heart  you  must  have  a  strong  pulse,  these  baths  had  a  remark- 
able effect  in  strengthening  the  pulse,  raising  the  arterial  pressure  20.  30  and  40 
mm.  Hg.  But  nowadays,  the  fashion  being  to  soften  a  strong  pulse,  these  waters 
are  discovered  to  have  a  remarkable  effect  in  lowering  the  arterial  pressure.  So 
remarkable  are  these  waters  that  it  is  averred  that  they  can  increase  the  pressure 
when  it  is  low  and  lower  the  pressure  when  it  is  high. 

Huchard3  quotes  a  statement  by  Bosia :  "We  have  read  all  the  works 
of  Schott  and  in  no  part  of  these  have  we  met  precise  observations,  always 
affirmations,  never  facts."  Huchard  agrees  with  this  statement,  and 
protests  against  similar  exaggerations.  He  refers  to  several  cases  of 
sudden  death  of  patients  who  had  just  returned  from  a  course  of  treat- 
ment at  Nanheim,  which  he  reported  at  the  Academie  de  Medecine.  He 
says  that  he  is  not  an  enemy  of  carbon  dioxid  baths  in  suitable  cases  of 
cardiac  disease,  but  that  he  is  opposed  to  the  systematic  medication  of 
all  cardiac  patients. 

In  the  paper  which. I  read  at  this  Society  in  1911,  I  said: 

The  influence  of  carbonated  brine  baths  on  blood-pressure  in  the  human  patient, 
so  far  as  I  know,  has  never  been  carefully  studied.  I  have  a  series  of  observa- 
tions on  this  subject  under  way  at  present,  which  I  hope  to  report  at  some  future 
day.  I  am  able  to  say,  however,  that  while  the  majority  of  patients  show  a 
bigher  pressure  at  the  conclusion  of  the  baths  than  at  their  commencement,  there 
are  some  patients  in  whom  the  pressure  has  been  lower  at  the  termination  of  the 
series.  I  am  not  unmindful  of  the  numerous  other  influences  that  would  tend  to 
modify  the  blood-pressure  at  work  in  a  patient  who  is  taking  a  course  of  sani- 
tarium treatment. 


"Manuscript  submitted  for  publication  May  24.  1012. 

*Read  by  title  at  the  twenty-ninth  annual  meeting  of  the  American  Climato- 
logical  Association.  Hartford,  Conn.,  June  10  to  13,  1911. 

1.  Swan:     Xew  York  Med.  Jour..  October  7,  1011,  xciv,  713. 

2.  Mackenzie:     Diseases  of  the  Heart,  ed.  2,  1910. 

3.  Huchard:     Consultations  medicales.  maladies  du  coeur.  arteriosclerose.  1910. 
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author's    OBSERVATIONS 

In  the  present  communication  I  wish  to  report  the  observations  made 
on  the  blood-pressure  in  eighty-one  patients  who  were  treated  with 
carbonated  brine  baths. 

MATERIAL 

The  patients  who  form  the  basis  of  this  study  were  under  my  care 
while  I  was  Medical  Director  of  the  Glen  Sprii  _-. 

In  five  cases  observations  were  taken  either  by  myself  or  by  one  of  my 
associates,  before  the  administration  of  the  bath,  immediately  after  the 
bath,  and  after  one  hour's  rest. 

In  the  remainder  of  the  cases  observations  were  made  at  the  beginning 
of  the  treatment  and  at  its  conclusion. 

In  twenty-one  cases  the  course  of  carbonated  brine  baths  was  inter- 
rupted, for  one  reason  or  another,  before  the  completion  of  the  routine 
number  of  baths  in  the  series.  In  several  cases  the  patient  found  it 
necessary  to  leave  the  institution.  In  the  remainder  of  the  eighty-one 
the  complete  series  of  eighteen  baths  was  given. 

Fifty  of  the  patients  were  males  and  thirty-one  were  females.  Their 
ages  ranged  from  19,  the  youngest,  to  77,  the  oldest ;  two  of  the  patients 
were  77  years  old. 

They  were  distributed  through  decennial  age  periods  as  follows: 
Under  20,  one;  from  20  to  2'.).  Bix;  from  30  to  39,  thirteen;  from  40  to 
ten;  from  50  to  59,  twenty-four;  from  60  to  69,  seventeen;  over 
70,  ten. 

T::<-re  were  =ixt>  -  of  fibroid  myocarditis,  three  of  which  were 

complicated  by  bronchitis;  nine  cases  oi   parenchymatous  myocarditis; 

of  dilatation  of  the  heart;   five  cases  of  hypertrophy  and 

dilatation  of  the  heart;  five  cases  of  mitral  regurgitation;  five  cases  of 

"hypertrophy  of  the  heart;  four  cases  of  tachycardia;  thn  ortic 

gurgitation;  three  cases  oi  convalescence  from  acute  infections;  two 

arteriosclerosis;  two  cases  of  neurasthenia;  two  cases  of  convales- 

> 

•  •  fro  mi  operations ;  two  cases  of  arthritis  d<  formans,  and  one  case  each 
i  istruction  and  regurgitation,  diabetes  mellitus,  beginning  inter- 
stitial nephritis,  hypertrophic  cirrhosis  of  the  liver,  chronic  parenchym- 
atous nephritis,  mitral  regurgitation  and  aortic  regurgitation,  fatty  heart, 
hypochondriasis,  weak  heart,  pulmonary  emphysema,  gastrectasia   and 
psia. 

Ml  l  BODB 

hysical  examination  was  made  of  each  patient   at   the  time  he 
:it    and    another   physical    i  xamination    was    m 
usually,  "ii  the  day  after  the  completion  of  the  course  of  baths,     Th< 
prot  i  ord  the  local  e  point  of  maxi- 
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muni  intensity  of  the  cardiac  impulse;  the  outline  of  the  superficial  area 
of  cardiac  dulness;  the  description  of  adventitious  sounds,  if  any  were 
found ;  the  character  of  the  diastolic  sounds ;  the  character  of  the  muscular 
quality  of  the  systolic  sound;  the  extent  of  the  superficial  area  of  liver 
dulness;  observations  of  the  blood-pressure;  and  the  rate  and  character 
of  the  pulse.  Early  in  the  course  of  the  routine  examinations  I  located 
the  borders  of  cardiac  dulness  and  the  point  of  maximum  impulse  with 
relation  to  the  midclavicular  line.  Later  I  located  these  points  with 
reference  to  the  midsternal  line,  measuring  the  distance  from  that  line 
in  inches.  At  the  beginning  of  my  routine  examinations  I  made  no 
attempt  to  record  the  size  of  the  area  of  cardiac  dulness;  later  I  began 
to  record  the  transverse  diameter  of  this  area  in  inches;  and  still  later  I 
recorded  the  oblique  diameter  of  this  area  in  inches.  The  oblique  diameter 
was  measured  from  the  point  of  junction  of  the  right  border  with  the 
upper  border  of  cardiac  dulness,  to  the  point  of  maximum  impulse. 

The  blood-pressure  observations  were  all  made  in  the  recumbent 
posture.  The  cuff  was  always  applied  next  to  the  skin  of  the  arm.  A 
Stanton  sphygmomanometer  was  always  used.  The  auscultatory  method 
of  determining  blood-pressure  was  always  used.  The  systolic  pressure 
was  recorded  as  the  point  at  which  the  first  tap  was  heard.  The  diastolic 
pressure  was  recorded  as  the  point  at  which  the  tap  disappeared. 

The  details  of  the  method  of  administering  the  baths  will  be  found 
in  a  paper  which  I  read  before  the  Medical  Society  of  the  State  of  Xew 
York  in  1911.4 

In  the  case  of  a  male  patient  (Case  1)  aged  76  years,  who  was  suffer- 
ing from  fibroid  myocarditis,  blood-pressure  observations  were  made  just- 
before  entering  the  bath  tub,  immediately  after  the  bath  was  given,  and 
after  one  hour's  rest  in  the  recumbent  posture.  The  accompanying  table 
(Table  1)  gives  the  details  of  these  observations. 

Before  the  first  bath  the  patient's  systolic  pressure  was  142  mm.,  before 
the  last  bath  in  the  series  his  systolic  pressure  was  135  mm.,  and  an  hour 
after  the  last  bath  his  systolic  pressure  was  154  mm.  The  accompanying 
chart  (Chart  1)  of  the  fluctuations  of  the  systolic  pressure  indicates  that 
the  tendency  of  the  pressure  during  the  course  of  treatment  was  upward. 

The  usual  train  of  circumstances  in  this  case  was  to  find  that  the 
systolic  pressure  was  higher  immediately  after  the  bath  than  it  was  before 
the  bath  was  given,  and  after  the  hour's  rest  to  find  it  lower  than  it  was 
before  the  bath  was  given.    This  train  of  events  followed  in  ten  instances. 

At  the  sixth  bath  the  systolic  pressure  was  the  same  after  the  bath  as 
it  was  before ;  an  hour  after  the  bath  there  was  a  drop  of  22  mm. 

At  the  ninth  bath  the  systolic  pressure  after  the  treatment  was  2  mm. 
lower  than  it  was  before;  and  one  hour  after  the  treatment  it  was  the 
same  as  it  was  immediately  after. 

4.  Swan:    New  York  State  Jour.  Med.,  August,  1911,  xi,  373. 
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At  the  eleventh  hath  the  systolic  pressure  immediately  after  the  treat- 
ment was  o  mm.  higher  than  it  was  before.  After  the  hour's  rest  it 
was  1  mm.  higher  than  it  was  immediately  after  the  hath. 

After  the  twelfth  hath  the  pressure  fell  .'!  nun.  and  after  the  hour's 
rest  it  had  risen  8  mm.  At  the  fourteenth  bath  the  systolic  pressure 
was  G  mm.  higher  immediately  after  than  it  was  before  the  hath  was  given. 
After  an  hour's  rest  it  was  7  mm.  higher  than  it  was  immediately  after 
the  bath  was  given.  At  the  eighteenth  hath  the  systolic  pressure  rose 
18  mm.  and  after  an  hour's  rest  it  rose  1  mm. 

The  immediate  effect  of  the  hath  was  t"  raise  the  pressure  fourteen 

-.  to  lower  it  twice,  and  no  effect  was  noted  once.    The  observations 

at  the  fourth  hath  were  unfortunately  missed.     The  increases  of  Bystolic 

pressure  immediately  after  the  baths  amounted  t<>  2  mm..  3  mm..  11  mm.. 

Table    1. — Fibboid   Myocarditis.     Blood-Peessube  Observations 


o.  of 

Bath 


It 


B. 

P.  Before  Bath 



B.  1'. 

After  Bath 



B.  1'. 

<  hae  Hour  After  I 

■  ■ 

S.* 

D. 

M. 

PP. 

s. 

D. 

M. 

PP. 

s. 

D. 

M 

pp 

142 

v, 

113.5 

.",7 

144 

80 

112 

t;t 

137 

85 

111 

14.", 

85 

115 

GO 

148 

85 

IK',..-) 

63 

139 

90 

114..') 

4'.' 

137 

8G    >. 

111.5 

51 

148 

83 

115.5 

G5 

135 

90 

112..-. 

4.") 

1  12 

90 

llti 

52 

158 

'.'2 

1 25 

G6 

138 

92 

115 

46 

1  \:< 

82 

11 :;.:. 

63 

1  I.', 

85 

ll.-> 

60 

12:; 

7.") 

99 

- 

138 

78 

108 

60 

154 

82 

118 

72 

1  is 

83 

11.-...-. 

65 

1  11 

-J 

113 

62 

inn 

83 

121.5 

77 

14!) 

85 

117 

I't 

157 

78 

117..", 

70 

155 

84 

11  9.5 

71 

155 

S2 

lis.;, 

73 

1  25 

70 

97.5 

.-,.-, 

148 

82 

11.-, 

66 

1 35 

80 

1(17..-. 

.-.  .-> 

12.". 

!)7 

111 

28 

1  3D 

77 

in::.-, 

53 

131 

7:. 

103 

56 

14(1 

95 

117..-. 

I.", 

137 

!i.-, 

lit; 

12 

14.") 

88 

116.5 

57 

130 

33 

in,;.;, 

17 

138 

78 

108 

(in 

1  19 

92 

120.5 

57 

1.-,.-, 

B2 

1  18.5 

7.-; 

lti-J 

85 

12::..-. 

i  i 

150 

86 

lis 

ill 

168 

86 

122 

72 

1  17 

91 

119 

56 

1  i:: 

S(l 

1 1 1 ..-. 

i;:; 

165 

95 

130 

7n 

148 

si 

lie. 

t;i 

134 

BO 

11)7 

54 

1  I.", 

7s 

111..') 

ii7 

1  12 

82 

112 

60 

1 :;.-. 

80 

107.5 

.-,.", 

153 

80 

1 16.5 

7:: 

154 

84 

119 

70 

*S.  Bystolic;  1).  diastolic;    M.  mean  pressure;    PP.,  pulse-pressure. 
^Observations  missed. 

I  ( ;  mim:..  Hi  mm.,  HI  mm.,  '-':;  nun..  .'.  nun..  S  inni..  6  mm..  *  mm..  22  mm., 

II  mm.  and  18  mm.,  respectively;  an  average  of  ll."  mm.  at  each  treat- 
ment. Tin'  decreases  of  tin-  systolic  pressure  amounted  t"  2  mm.  after 
on"  bath  and  :'.  mm.  after  the  other. 

After  the  hour's  resl  Mm-  Bystolic  pressure  was  higher  in  nine  instances 
and  lower  in  seven  than  it  was  before  the  bath  was  given.    The  observation 
one  hour  after  the  thirteenth  bath  was  unavoidably  missed.    The  inert 
of  the  Bystolic  pressure  an  hour  after  the  bath  amounted  to  10  mm.,  5  mm.. 

|n   mm..  6    mm..   .".   mm..    I",   mm..   .">   mm..  8    mm..    1!'   mm.,    respectively  : 

;m  average  of  9  mm.  at  each  treatment.  The  decreases  of  the  Bystolic 
pressure  one  hour  after  each  bath  amounted  i"  5  mm..  6  mm..  2  mm.. 
1  mm..  22  mm..  2  mm..  :;  mm.,  respectively;  an  average  of  6.2  mm.  for 
each  treatment. 
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At  the  beginning  of  the  course  of  treatment  the  patient's  pulse-pres- 
sure was  57 ;  before  the  last  bath  his  pulse-pressure  was  55 ;  immediately 
after  the  bath  it  was  73;  and  after  an  hour's  rest  it  was  70. 

The  usual  train  of  events  in  relation  to  the  pulse-pressure  was  to  have 
a  well-marked  elevation  immediately  after  the  treatment  and  a  depression 
after  the  hour's  rest.  This  train  of  circumstances  followed  eleven  of  the 
treatments.  At  the  sixth  bath  the  pulse-pressure  was  3  mm.  iower  imme- 
diately after  the  treatment  and  12  mm.  lower  after  the  hour's  rest. 

At  the  ninth  bath  the  pulse-pressure  was  S  mm.  lower  immediately 
after  the  treatment  and  after  the  hour's  rest  it  had  increased  2  mm. 

At  the  eleventh  bath  there  was  an  elevation  of  pulse-pressure  of 
25  mm.  immediately  after  the  bath,  and  after  the  hour's  rest  there  was  a 
further  elevation  of  3  mm. 

After  the  twelfth  bath  the  pulse-pressure  was  depressed  3  mm.  immedi- 
atelv  and  there  was  an  elevation  of  15  mm.  after  the  hour's  rest. 


Chart  1. — Systolic  blood-pressure  curve.  Carbonated  brine  baths.  Fibroid 
myocarditis.  B.  =  Immediately  before  the  bath.  A.  =  Immediately  after  the 
bath.  A'=One  hour  after  the  bath.  The  observations  at  the  fourth  bath  and  the 
observation  one  hour  after  the  thirteenth  bath  were  missed. 


Immediately  after  the  bath  the  pulse-pressure  was  elevated  fourteen 
times  and  lowered  three  times.  The  elevations  amounted  to  7  mm.,  3  mm., 
14  mm.,  12  mm.,  15  mm.,  11  mm.,  25  mm.,  13  mm.,  16  mm..  8  mm., 
7  mm.,  13  mm.,  18  mm.,  respectively;  an  average  of  12.5  mm.  for  each 
treatment.  The  lowering  of  the  pulse-pressure  amounted  to  3  mm.,  8 
mm.  and  3  mm.,  respectively;  an  average  of  4.6  for  each  treatment. 

An  hour  after  the  bath  the  pulse-pressure  was  elevated  eight  times; 
lowered  seven  times  and  was  unchanged  once.  The  elevations  in  pulse- 
pressure  amounted  to  5  mm.,  2  mm.,  28  mm.,  12  mm.,  20  mm.,  1  mm., 
6  mm.  and  15  mm.,  respectively;  an  average  of  11.1  mm.  for  each  treat- 
ment. The  depressions  of  pulse-pressure  amounted  to  5  mm.,  11  mm.,  6 
mm.,  5  mm.,  15  mm.,  6  mm.  and  8  mm.,  respectively;  an  average  of  8.1 
mm.  for  each  treatment. 
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In  this  patient  the  systolic  pressure  on  admission  was  142  mm.,  and 
during  the  course  of  his  treatment  it  increased  to  165  mm.  on  one  occa- 
sion, and  was  above  150  mm.  on  thirteen  occasions.  The  highest  increase 
of  systolic  pressure  at  any  one  treatment  was  23  mm. 
„  He  had  an  hypertrophied  heart  and  a  fibroid  myocarditis.  lie  had 
a  pulse  of  normal  rate,  of  good  strength  and  volume,  and  an  artery  which 
was  recorded  as  not  palpable  at  the  beginning  of  the  treatment  and 
palpable  at  its  close.  It  may  be  supposed  that  in  this  patient  the  fibroid 
changes  in  the  heart-muscle  had  increased  much  faster  than  the  thickening 
of  the  walls  of  the  peripheral  vessels. 

The  danger  of  administering  a  form  of  treatment  capable  of  producing 
an  elevation  of  the  systolic  pressure  of  22  and  23  mm.,  and  of  25  to  28 
nun.  of  the  pulse-pressure  to  an  individual  with  thickened  and  rigid 
arteries  is  not,  in  my  opinion,  altogether  theoretical. 

Table  2. — Parenchymatous  Myocarditis.  Blood-Pressure  Observations 


B. 

P.  Before  Bath 

B.  P. 

After  Bath 

B.  P. 

One 

Hour  After 

Bat! 

S* 

D. 

.M. 

PP. 

S. 

D. 

M. 

PP. 

S. 

D. 

M. 

PP. 

107 

55 

80.5 

52 

114 

55 

84.5 

59 

112 

58 

85 

54 

114 

GO 

87 

54 

112 

58 

85 

54 

110 

58 

84 

52 

lis 

55 

86.5 

63 

112 

GO 

86 

52 

120 

62 

01 

58 

107 

58 

82.5 

4!) 

111 

62 

8G.5 

40 

10G 

47 

76.5 

59 

111 

55 

83 

56 

107 

64 

s .",..-. 

43 

109 

55 

82 

:. : 

114 

.'..-. 

84.5 

69 

113 

68 

s. 5.5 

55 

114 

54 

84 
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63 

8G.5 

47 
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G8 

89.5 

43 
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65 

89 

(8 

112 

58 

85 

54 

1 1 3 

65 

89 

L8 

117 

70 

93.6 

47 

110 

52 

81 

58 

110 

GO 

85 

50 

113 

GO 

8G.5 

53 

114 

45 

79.6 

on 

lir, 

60 

82.5 

65 

107 

48 

77..". 

56 

106 

53 

79.5 

63 

110 

58 

St 

52 

11 -J 

55 

83.5 

67 

114 

54 

84 

GO 

117 

60 

v.r, 

67 

117 

67 

B7 

60 
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04 

86 

44 

116 

7n 

DO 

46 

114 

70 

92 

it 

115 

75 

95 

40 

120 

65 

92 

65 

114 

sn 

'.'7 

34 

109 

60 

84 

40 

110 

7o 

90 

40 

114 

S3 

98 

31 

115 

65 

85 

GO 

110 

60 

86 

115 

.-..-. 

85 

104 

57 

80.5 

47 

112 

G4 

B8 

ts 

106 

65 

11 

100 

64 

85 

42 

1  L3 

64 

88.6 

t'.i 

113 

in 

19 

In  the  case  of  a  female  aged  26  years  (Case  16),  who  viras  Buffering 
from  parenchymatous  myocarditis,  the  observations  made  before,  after, 
and  one  hour  after  the  bath  arc  given  in  Table  2. 

In  this  case  there  was  usually  an  elevation  of  Bystolic  pressure 
(('hart  2)  Immediately  after  the  bath,  and  at  the  end  of  the  hour's  resl 
the  Bystolic  pressure  was  usually  higher  than  it  was  before  the  bath  was 
given,  although  often  lower  than  immediately  after  the  treatment. 

[mmediatelj  after  the  bath  the  Bystolic  pressure  was  elevated  eleven 
times,  reduced  Biz  times,  and  was  unchanged  once.    The  elevations  of 

pre88Ure  amounted  to  "  nun..  1  nun..  1  nun..  1  mm.,  1  nun..  .".  nun..  8  nun.. 

6  mm.,  1  nun..  8  mm.  and  7  mm.,  respectively;  an  average  of  L2  nun. 
for  each  treatment.     The  reductions  of  Bystolic  pressure  amounted   to 
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2  mm.,  6  mm.,  4  mm.,  1  mm.,  1  mm.  and  5  mm.,  respectively;  an  average 
of  3.1  for  each  treatment. 

One  hour  after  the  bath  the  systolic  pressure  was  raised  eleven  times, 
reduced  five  times,  and  unchanged  twice.  The  elevations  amounted  to 
5  mm.,  2  mm.,  3  mm.,  5  mm.,  3  mm.,  6  mm.,  3  mm.,  6  mm.,  5  mm., 
2  mm.  and  7  mm.,  respectively;  an  average  of  4.2  mm.  at  each  treatment. 

The  reductions  of  systolic  pressure  amounted  to  4  mm.,  1  Dim.,  2  mm., 
7  mm.  and  1  mm.,  respectively;  an  average  of  3  mm.  for  each  treatment. 

The  influence  on  the  pulse-pressure  in  this  case  was  usually  a  decrease 
in  the  pressure  immediately  after  the  treatment,  followed  by  an  elevation 
after  an  hour's  rest  after  half  the  treatments,  and  a  depression  after  the 
other  half.  The  pulse-pressure  was  3  mm.  lower  at  the  conclusion  of 
the  series  than  it  was  at  the  beginning.  Immediately  after  the  baths  the 
pulse-pressure  was  elevated  five  times,  reduced  eleven  times,  and  no 
change  was  noted  twice.  The  elevations  amounted  to  7  mm.,  2  mm., 
15  mm.,  1  mm.  and  7  mm.,  respectively;  an  average  elevation  of  6.3  mm. 
after  each  treatment.     The  reductions  in  pressure  amounted  to  11  mm., 


Chart  2. — Systolic  blood-pressure  curve.  Carbonated  brine  baths.  Parenchy- 
matous myocarditis.  B.  =  Immediately  before  the  bath.  A.  =  Immediately  after 
the  bath.    A'  =  One  hour  after  the  bath. 

13  mm.,  4  mm.,  4  mm.,  6  mm.,  8  mm.,  4  mm.,  1  mm.,  3  mm.,  9  mm. 
and  10  mm.,  respectively ;  an  average  of  6.6  mm.  for  each  treatment. 

After  the  hour's  rest  the  pulse-pressure  was  raised  six  times,  lowered 
nine  times,  and  no  change  was  noted  three  times.  The  elevations  of  the 
pulse-pressure  above  that  recorded  before  the  bath  was  given  amounted 
to  2  mm.,  10  mm.,  1  mm.,  1  mm.,  4  mm.  and  7  mm.,  respectively;  an 
average  elevation  of  4.1  mm.  at  each  treatment. 

The  reductions  in  pulse-pressure  after  the  hour's  rest  amounted  to 
2  mm.,  5  mm.,  2  mm.,  7  mm.,  5mm.,  10  mm.,  6  mm.,  18  mm.  and  6  mm., 
respectively;  an  average  of  6.7  mm.  after  each  treatment. 

In  the  case  of  a  female  aged  20  years  (Case  3),  who  was  suffering 
from  mitral  regurgitation  with  beginning  loss  of  compensation,  obser- 
vations were  made  before  the  baths  and  immediately  after  the  baths 
(Table  3).  The  observations  in  connection  with  the  ninth,  twelfth, 
fifteenth  and  sixteenth  baths  were  missed. 

Immediately  after  the  first  bath  there  was  an  increase  of  38  mm.  in 
the  systolic  pressure.     The  systolic  pressure  was  increased  six  times, 
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reduced  six  times,  and  was  unchanged  twice.  The  increase  of  .-y-tolic 
pressure  amounted  to  3S  mm.,  8  mm..  3  mm.,  3  mm.,  4  mm.  and  6  mm., 
respectively:  an  average  increase  of  10.3  mm.  at  each  bath.  The  reduc- 
tions of  systolic  pressure  amounted  to  34  nun..  12  mm.,  2  mm.,  •'.  mm., 
10  mm.  and  (5  mm.,  respectively;  an  aver.  of  11.6  mm.  at 

each  bath. 

The  pnlse-pressnre  was  raised  seven  times,  lowered  live  times,  and  no 
change  was  observed  twice.  The  elevations  of  pulse-pressure  amounted  to 
16  mm.,  11  mm.,  5  mm.,  3  mm.,  3  nun..  3  nun.  and  2  mm.,  respectively, 
an  average  elevation  of  6.1  mm.  at  cadi  treatment. 

The  reductions  of  the  pulse-pressure  amounted  to  12  mm.,  24  mm., 
4  mm.,  2  mm.  and  14  nun.,  respei  tively;  an  average  reduction  of  11.2  mm. 
after  each  treatment. 

In  the  case  of  a  male  aged  52  years  I  ( !as<  9),  who  was  suffering  from 
tachycardia,  observations  of  systolic  pressure  were  made  before  and  after 
the  baths  from  the  sixth  to  the  seventeenth  bath  inclusive.  The  results 
were  as  follow- : 

Systolic  Pressure 

Number  of  Bath  Before  After 

6   lis  140 

7   98  110 

8    126  130 

9   150  124 

10  136  136 

11  158  130 

12  lis  150 

13  120  150 

14  120  132 

15 128  130 

it;  128  136 

17  120  140 

The  systolic  pressure  was  increased  nine  times,  reduced  twice,  and 
was  uni  once.     The  increases  of  systoli<    pressure  amounted  to 

iJ2  mm.,  12  nun..  4   nun..  2  nun.,  30  mm.,   12   mm.,  2  mm.,  8  nun.  and 

80  mm.,  respectively;  an  average  of  12A  nun.  at  each  treatment.  The 
decrease!  of  systolic  pressure  amounted  to  26  nun.  and  28  mm.,  respec- 
tively; an  avi  duction  of  21  nun.  at  each  treatment. 

In  the  case  of  a  Female  aged  51  years  (Case  30),  who  was  Buffering 
from  fibroid  myocarditis,  observations  of  blood-pressure  were  made  before 
and  after  eadi  bath  for  five  baths.  The  blood-pressure  observations  made 
the  patient  excessively  nervous  and  ii  was  necessary  to  discontinue  them 
after  the  fifth  bath.    Thev  were  as  follows : 
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The  systolic  pressure  was  raised  three  times  and  lowered  twice.  The 
elevations  of  systolic  pressure  were  30  mm.,  14  mm.  and  34  mm.,  respec- 
tively; an  average  of  26  mm.  at  each  bath.  The  reductions  in  systolic 
pressure  were  22  mm.  and  26  mm.,  respectively;  an  average  of  24  mm. 
and  10  mm.,  respectively;  an  average  of  10  mm.  at  each  treatment. 

The  pulse-pressure  was  increased  twice,  reduced  twice,  and  was 
unchanged  once.  The  increases  were  32  mm.  and  6  mm.,  respectively; 
an  average  of  19  mm.  at  each  treatment.  The  reductions  were  10  mm. 
and  10  mm.  respectively;  an  average  of  10  mm.  at  each  treatment. 

Table    3. — Mitral    Regurgitation   with    Beginning   Loss    of   Compensation. 
Blood-Pressure  Observations 

No.  of  B.  P.  Before  Bath  B.  P.  After  Bath  

Bath  S.  D.  M.  PP.  S.  D.  M.  PP. 

1  140  90  115  50  178  140  159  38 

2  164  82  123  82  130  72  101  58 

3  130  90  113  34  138  88  113  50 

4  133  73  103  60  136  65  100.5  71 

5  142  83  112.5  59  130  66     98  64 

6  136  69  102.5  67  134  71  102.5  63 

7  129  69  99  60  132  74  103  58 

8  130  6G  9S  64  134  70  102  64 

9* 

10   124     69     96.5    55    124     66     95     58 

11   128     68     98     00    128     65     96.5    63 

12* 

13   144     79    111.5    65    138     70    104     68 

14  132     58     95     74    138     64    101     74 

15* 

16* 

17      138  SO         109  58         128  68  98  60 

18      146  70         111  70         140  84         112  56 

^Observations  missed. 

The  study  of  these  five  cases,  two  of  fibroid  myocarditis,  one  of  paren- 
chymatous myocarditis,  one  of  mitral  regurgitation  with  beginning  loss 
of  compensation  and  one  of  tachycardia,  shows  that  of  sixty-six  observa- 
tions made  immediately  after  the  administration  of  the  baths  the  systolic 
pressure  was  increased  forty-three  times,  lowered  eighteen  times,  and 
was  unchanged  five  times.  The  pulse-pressure  was  increased  twenty-eight 
times,  lowered  twenty-one  times,  and  was  unchangel  five  times  out  of  the 
same  number  of  observations.  The  highest  elevation  of  systolic  pressure 
recorded  was  38  mm.  after  the  first  bath  in  Case  3.  The  highest  elevation 
of  pulse-pressure  recorded  was  32  mm.  after  the  first  bath  in  Case  30. 

Thirty-four  observations  were  made  of  systolic  pressure  and  pulse- 
pressure  one  hour  after  the  baths  were  given.  The  systolic  pressure  was 
higher  than  before  the  bath  was  given  twenty  times,  lower  twelve  times, 
and  was  unchanged  twice.  The  greatest  increase  was  19  mm.  after  the 
eighteenth  bath  in  Case  1. 
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The  pulse-pressure  was  raised  fourteen  times,  lowered  sixteen  times, 
and  was  unchanged  four  times.  The  highest  elevation  of  pulse-pressure 
was  23  mm.  after  the  eleventh  bath  in  Case  1. 

In  these  cases  we  probably  get  some  idea  of  the  effect  of  the  treatment 
by  baths  on  the  blood-pressure.  The  majority  of  the  observations,  how- 
ever, have  had  to  be  made  by  taking  the  blood-pressure  at  the  beginning 
of  the  treatment  and  at  its  close.  It  must  be  borne  in  mind  that  nearly 
all  of  the  patients  were  receiving  other  forms  of  treatment  as  well  as 
carbonated  brine  baths.  In  Case  12  the  patient  received  electric  light 
baths  alternating  with  the  carbonated  brine  baths.  Cases  8,  13,  38,  66 
and  78  received  carbonated  brine  baths  on  one  day  and  resistance 
exercises  on  the  alternate  day.  Case  L5  had  a  carbonated  brine  bath 
one  day  and  a  Russian  bath  on  the  alternate  day.  I  -  '.  and  75  (the 
same  patient)  had  hot  brine  bath-,  massage  and  various  forms  of  elec- 
tricity. Cases  G3.  64  and  65  (the  same  patient)  had  abdominal  mass 
and  colonic  irrigations  in  addition  to  the  carbonated  brine  baths. 

All  of  the  patients  were  in  a  restful  environment,  except  for  inherent 
restlessness-and  dissatisfaction  on  the  part  of  some  of  them,  all  were  on 
a  carefully  regulated  diet,  the  components  of  which  I  have  already  pub- 
lished,4'8  and  all  were  required  to  rest  from  one  to  two  hours  every  day 
in  addition  to  their  time  in  bed  at  night,  nine  hours  being  prescribed. 

ANALYSIS    OF    CASES 

For  purposes  of  analysis  the  cases  may  be  divided  in  two  ways:  those 
patients  who  took  the  full  course  of  treatment  of  six  weeks.  -i\tv;  and 

je  who  for  one  reason  or  another  did  noi  complete  the  full  number 
of  baths,  twenty-  md,  Lnto  the  high-pressun       ■  •  and  the  low- 

pressure  cases. 

Table  1  gives  the  reading  of  the  Bystolic  pressure  al  the  beginning  and 
al  the  end  of  the  treatment  in  those  patients  who  rei  eived  the  full  coi 
of  baths.  The  pressure  was  higher  al  the  close  of  the  course  than  at  the 
beginning  in  thirty  instances,  lower  in  twenty-five  instances,  and 
unchanged  in  five  instances.  The  greatesl  elevation  oi  pressure  was 
50  mm.  in  ;i  case  of  beginning  inter-tit  ml  nephritis;  thi  greatesl  reduction 
42  mm.  in  a  i  ase  of  fibroid  myo<  arditis. 

Table  5  gives  the  reading  of  the  Bystolic  pressure  in  those  patients 
who  tooi  only  partial  courses.    At  the  end  of  the  baths  the  systolic  t 
sure  was  found  elevated  nine  times,  lowered  nine  times  and  unchanged 
three  times.     The  greatesl  elevation  of  pressure  was  22  mm.  in  m  i 
of  tachycardia,  after  twelve  baths.    The  greatesl  reduction  29  nun.  in  a 
<  :i -<•  of  aortic  regurgitation  after  ten  baths. 


-I.  Swan:    Interstate  Med.  Jour..  June,  1911,  sviii 
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Table  6  gives  the  effect  on  the  diastolic  pressure  in  the  cases  that 
received  the  full  course  of  baths.  The  diastolic  pressure  was  raised  in 
twenty-six  cases,  lowered  in  twenty-eight  cases,  and  no  change  was  noted 
in  six  cases.  The  change  in  diastolic  pressure  did  not  always  agree  with 
the  change  in  systolic  pressure;  when  the  systolic  pressure  was  elevated 
the  diastolic  pressure  may  have  been  lowered,  and  vice  versa.  The  great- 
est elevation  of  diastolic  pressure  was  36  mm.  in  a  case  of  beginning  inter- 
stitial nephritis,  Case  7.  The  greatest  lowering  of  diastolic  pressure  was 
27  mm.  in  a  case  of  fibroid  myocarditis,  Case  30. 

Table  7  gives  the  details  of  the  diastolic  pressure  in  those  patients  who 
had  only  partial  courses.  The  diastolic  pressure  was  found  elevated  in 
eleven  cases,  lowered  in  eight  cases  and  unchanged  in  two  cases.  The 
greatest  elevation  in  pressure,  22  mm.,  was  seen  in  a  case  of  paroxysmal 
tachycardia,  Case  64,  after  thirteen  baths.  The  greatest  lowering  of 
diastolic  pressure,  90  mm.,  was  seen  in  a  case  of  aortic  regurgitation, 
after  ten  baths. 

HIGH-PRESSURE    CASES 

As  the  result  of  the  study  of  1,000  cases  of  application  for  life  insur- 
ance, Woley6  has  shown  that  the  average  blood-pressure  of  males  at  all 
ages  is  127.5  mm.,  and  of  females  120  mm.  His  figures  show  an  increase 
in  the  average  blood-pressure  in  each  decennial  period  so  that  in  the 
sixth  decennium  the  average  high  pressure  is  149  mm.,  and  the  average 
systolic  pressure  of  all  applicants  in  the  decennium  is  132  mm. 

Suppose  then,  disregarding  the  ages  of  the  patients,  we  classify  all  the 
cases  in  this  study  that  give  a  blood-pressure  of  over  150  mm.  as  high- 
pressure  cases.  Cases  2,  5,  6.  11,  13,  14,  15,  17,  18,  20,  30,  33,  35,  36,  38, 
39,  41.  42,  43,  46,  50,  57,  59,  68,  69,  70,  73,  76  belong  to  this  class. 

Table  8  gives  the  details  of  the  variations  of  pressure  in  these  cases. 
It  will  be  seen  that  the  systolic  pressure  was  raised  in  thirteen  cases, 
lowered  in  thirteen  cases,  and  was  unchanged  in  two  cases.  The  greatest 
elevation  was  25  mm.,  in  a  case  of  dilatation  of  the  heart  (Case  20). 
The  systolic  pressure  was  raised  from  186  mm.  before  the  treatments 
were  begun  to  212  mm.  at  their  conclusion. 

The  greatest  lowering  of  systolic  pressure  was  42  mm.,  in  a  case  of 
fibroid  myocarditis  (Case  35).  In  this  case  the  systolic  pressure  was  184 
mm.  at  the  beginning  of  the  course  of  treatment  and  142  mm.  at  its 
close.  The  patient  had  an  intermission  of  seven  weeks  in  his  treatment 
after  his  fifth  bath.  At  that  time  his  systolic  pressure  had  been  reduced 
from  184  mm.  to  168  mm.,  16  mm.  On  resuming  his  treatment  the 
systolic  pressure  had  further  fallen  to  150  mm.,  18  mm.,  in  spite  of  the 
fact  that  he  had  been  attending  to  his  business.  If  we  exclude  this  case, 
the  greatest  lowering  of  systolic  pressure  was  40  mm.  in  a  case  of  fibroid 
myocarditis  (Case  42). 

6.  Wolev:     Jour.  Am.  Med.  Assn.,  Julv  9,  1910,  Iv,  121. 


- 


THE     ARCHIVES     OF    INTERNAL     MEDICINE 


Table  4. — Systolic   Blood-Phi  ssi rati :s.     Complete   Coubses   of   Carboxated  Brine  Baths 


Sex 


Systolic  Pressure  at 
Begin,  of      End  of 
Treatm't,  Treatm't,        Difference, 
A"e  mm.  mm.  mm. 


Diagnosis 


Fibroid  Myocarditis. 

Hypertrophy  of  the  heart    (Toxic). 

Mitral  regurgitation. 

Fibroid  myocarditis. 

Dilatation  of  the  heart. 

Fibroid  myocarditis. 

Beginning  interstitial  nephritis. 

Hypertrophy  and  dilatation  of  the  heart. 

Neurasthenia. 

Hypertrophic  cirrhosis  of  the  liver. 

Dilatation  of  the  heart 

Fibroid  myocarditis. 

Parenchymatous  myocarditis. 

Fibroid    myocarditis,    chronic    bronchitis. 

Parenchymatous  myocarditis. 

Chronic  parenchymatous  nephritis. 

Mitral   regurgitation. 

Dilatation  of  heart. 

Mitral  regurgitation,  aortic  regurgitation. 

Fibroid  myocardil  is. 

Mitral  regurgitation. 

Hypertrophy   of  the  heart. 

Parenchymatous    myocarditis. 

Dilatal  i"ii  of  the  hear-,. 

Dilatation  of  the  heart. 

Fibroid  myocarditis. 

Parenchymatous  myocarditis. 

Fibroid     myocarditis.     (Baths     in     two 

installments  | . 
Parenchymatous  myocarditis. 
Fibroid  myocarditis. 

Hypertrophy  and  dilatation  of  the  heart. 
Aortic  regurgitation. 

Convalescenl    from   acute   infection. 

Fibroid  myocarditis   (same  as  No.  4). 

Fat    heart. 

Arteriosclerosis. 

Hypertrophy  and  dilatation  of  the  heart. 

Neuraal  benia. 

1 1\  pocbondriasis. 

(  envalescenl  from  appendectomy. 

( lasl  rectasia. 

Mitral   regurgitai ion. 

Nervous  dj  Bpepsia. 

M  itral  regurgital  ion. 

Parenchymatous    myocarditis,     infectious 

granuloma. 
Pa  renchj  matous   mj  ocarditis. 

I'amw  -mal    taeli\  cardia. 

Paroxysmal    tachycardia    (Same    patient 

as  No.  0 
Fibroid  myocardil  is. 
Mitral    regurgitation    (Same    patient   as 

No.  I 

'When  the  last  observation  was  made  on  this  patienl    the  had  jusl   developed   acute  bronchitis. 
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Table  4. — Systolic  Blood-Pressures.    Complete  Courses  of  Carbonated  Brine  Baths 

(Continued) 


No. 


Sex 


68      F. 

69      F. 

73      F. 

74      M. 

75      H. 

76      M. 

77      F. 

78      M. 

80      F. 

SI      F. 


Age 

51 
52 

60 
56 

56 

71 

70 
36 

54 

49 


Systolic  Pressure  at 
Begin,  of      End  of 
Treatm't.  Treatm't, 


198 
170 

170 
112 

118 
162 

140 
116 

118 

130 


199 
170 

184 
120 

125 
168 

13S 
115 

122 

156 


Difference, 
mm. 


Diagnosis 


+  1  Hypertrophy  and  dilatation  of  the  heart. 
0  Hypertrophy  and  dilatation  of  the  heart. 
(Same  patient  as  Xo.  6S.) 

+  14  Fibroid   myocarditis. 

+  S  Arthritis  deformans  with  myocardial  in- 
sufficiency. 

+   7         Same  patient  as  Xo.  74. 

+  6  Dilatation  of  the  heart.  (Same  patient  as 
Xo.   5.) 

—  2         Fibroid  myocarditis. 

—  1         Dilatation  of  the  heart.    (Same  patient  as 

Xo.  25.) 
+  4         Dilatation  of  the  heart.    (Same  patient  as 

Xo.  37.) 
+26         Hypertrophy  of  the  heart.  (Same  patient 

as  Xo.  2  after  operation.) 


Table  5. — Systolic  Blood-Pressure.     Incomplete  Carbonated  Brine  Courses 


Xo. 


Sex 


9  M. 

19  M. 

21  M. 

25  M. 

31  F. 

33  M. 

34  M. 

36  M. 

37  F. 

35  F. 

39  F. 

41  M. 

47  F. 

48  M. 

56  M. 

61  M. 

64  M. 

70  M. 

71  M. 

72  M. 

79  M. 


Systolic  Pressure  at 
Begin,  of      End  of 
Treatm't,  Treatm't, 
Age  mm.  mm. 


52 
57 
53 

35 
65 
52 

58 
72 
53 

70 
45 
58 
19 
62 
38 
77 
54 

30 
35 
48 
52 


US 

134 
100 

130 
125 
188 
120 
188 
124 
162 
185 
156 
109 
105 
10S 
149 
125 

174 
115 
lin 
137 


140 
134 
100 

116 
119 
168 
120 
199 
115 
140 
180 
166 
118 
120 
120 
135 
136 

145 
125 
115 
130 


Differ-  Xo.  of 
ence.  Baths 
mm 


+  22 
0 
0 

—14 

—  6 
—20 

0 

+  11 

—  9 
—22 

—  5 

+  10 

+  9 
+  15 
+  12 
—14 
+  11 

— 29 
+  10 
+   5 


12 

6 
11 

9 
9 
3 

11 

9 

11 

11 

9 

11 

11 

11 

9 

12 

13 

10 
8 


Diagnosis 

Tachycardia 

Dilatation  of  heart. 

Fibroid  myocarditis.  Subacute 
bronchitis. 

Dilatation  of  heart. 

Weak  heart  muscle. 

Aortic   regurgitation. 

Fibroid  myocarditis. 

Fibroid   myocarditis. 

Beginning  arteriosclero-i-. 

Diabetes   mellitus. 

Convalescent    from    operation. 

Hypertrophy  of  the  heart. 

Convalescent    from    typhoid    fever. 

Parenchymatous    myocarditis. 

Parenchymatous    myocarditis. 

Hypertrophy  of  the  heart. 

Paroxysmal  tachycardia  (same  pa- 
tient as  Xo.  63). 

Aortic   regurgitation. 

Pulmonary   emphysema. 

Convalescent   from   influenza. 

Dilatation  of  the  heart. 
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Table  0. — Diastolic   Blood-Pressure.    Complete  Carbonated   Brine  Courses 


Diastolic 

Pressure  at 

Begin,  of 

End  of 

Treatment 

,  Treatment 

Difference, 

No. 

Sox 

Age 

mm. 

mm. 

mm. 

1    .. 

M 

76 

85 

80 

—  5 

2    .. 

F 

49 

108 

1H4 

—  4 

3    .. 

F 

20 

90 

80 

—10 

4    .  . 

F 

60 

86 

70 

—16 

5    .. 

M 

70 

96 

80 

—16 

6    .  . 

F 

69 

84 

70 

—  5 

7    .. 

M 

45 

90 

126 

+  36 

8    .. 

F 

37 

74 

74 

0 

10    .. 

F 

56 

70 

75 

+  5 

11    .. 

M 

36 

02 

90 

2 

12    .. 

M 

53 

so 

75 

—  5 

13    .. 

F 

70 

112 

105 

—   i 

14    .. 

F 

77 

94 

76 

—18 

15    .. 

F 

65 

92 

100 

+   8 

16   .. 

F 

2(5 

60 

63 

+  3 

17     .. 

M 

67 

93 

80 

—  13 

18    .. 

M 

68 

110 

100 

—10 

20   .. 

M 

63 

100 

108 

+  8 

22 

M 

36 

75 

95 

+20 

23    .. 

M 

67 

80 

85 

+  5 

■'1    .  . 

M 

52 

72 

6S 

—  4 

26    .  . 

.~...    M 

50 

90 

83 

—  7 

27    .. 

M 

45 

66 

69 

+   3 

^    .. 

M 

62 

92 

103 

+  11 

29   .  . 

M 

47 

83 

72 

—11 

30   . . 

F 

57 

130 

103 

—27 

32   .  . 

F 

29 

75 

82 

+  7 

M 

71 

118 

88 

—30 

•in    .. 

M 

35 

70 

70 

0 

42    . 

F 

54 

112 

70 

— 46 

43    .. 

F 

4!) 

112 

86 

—36 

44    .  . 

M 

23 

50 

36 

—14 

45    .  . 

F 

35 

82 

72 

—  10 

46    .  . 

1 

60 

'..ii 

so 

— lo 

40    .  . 

F 

4S 

78 

90 

+  12 

50    . 

F 

68 

B5 

70 

—  6 

:,1    .  . 

M 

69 

7"> 

75 

0 

52    ■  ■ 

M 

39 

62 

76 

+14 

53    .  . 

M 

54 

60 

7s 

+  18 

:.  ; 

F 

26 

67 

80 

+  13* 

55      . 

F 

33 

55 

i  •> 

+  20 

57    .  . 

F 

■17 

103 

105 

+   2 

- 

M 

27 

7n 

80 

+  ln 

50    .  . 

\1 

57 

no 

1 25 

+  6 

60  . . 

M 

39 

7S 

7s 

n 

(12    .  . 

\! 

60 

,  .i 

—23 

M 

:,  I 

03 

fin 

—  3 

M 

55 

70 

T<  > 

0 

66 

M 

60 

76 

76 

0 

i : 

M 

61 

62 

68 

+  6 

- 

F 

51 

100 

—  10 

P 

52 

05 

+  1" 

73    .. 

F 

60 

^7 

+   2 

71    . 

M 

56 

75 

7s 

+  3 

M 

56 

102 

B0 

—22 

76    .  . 

M 

71 

-i 

00 

+  8 

F 

70 

70 

-> 

+  2 

M 

73 

■  5 

+   2 

F 

54 

70 

68 

2 

81    .  - 

F 

19 

06 

1 25 

+  30 

•When  the 

I  -<••  patios  was 

made  on  tin- 

patient  Bhe 

had  just  developed 

acute  I  r<  nchit 

s, 
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Table  7. — Diastolic  Blood-Pressures.  Incomplete  Carbonated  Brine  Courses 


No. 


^ex 


9    M 

19    M 

21    M 

25    M 

31    F 

33    M 

34    M 

36    M 

37   F 

38    F 

39    F 

41    M 

47   F 

48    M 

56    M 

61    M 

64    M 

70    M 

71   M 

72   M 

79    M 


Diastolic 

Pressure  at 

Begin,  of 

End  of 

Treatment, 

Treatment, 

Difference, 

No.  of 

Age 

mm. 

mm. 

mm. 

Baths 

52 

80 

100 

+20 

12 

57 

96 

100 

+    4 

6 

53 

62 

64 

+  2 

11 

35 

78 

80 

+   2 

9 

65 

81 

70 

—11 

9 

52 

78 

70 

—  8 

3 

58 

84 

84 

0 

11 

72 

100 

96 

—   4 

9 

53 

70 

71 

+    1 

11 

70 

76 

72 

—   4 

11 

45 

95 

95 

0 

9 

58 

104 

110 

+  6 

11 

19 

58 

64 

+   G 

11 

62 

65 

66 

+   1 

11 

38 

65 

74 

+  9 

9 

77 

88 

83 

—  5 

12 

54 

82 

104 

+  22 

13 

30 

90 

0 

—90 

10 

35 

80 

78 

—  2 

8 

48 

72 

65 

—  7 

7 

52 

85 

86 

+   1 

5 

Table  8. — High   Pressure  Cases.   Systolic  Pressure  Above   150  MM. 


Case 
No. 


Systolic 


—  Variation  of  Pressure 
Diastolic  Mean 


2    +   7 

5    —29 

6    +12 

11    +   2 

13    0 

14    —19 

15    —11 

17    +9 

18    —17 

20    +26 

30    —10 

33    —20 

35    —42 

36    +11 

38    —22 

39    —  5 

41    +10 

42    —40 

43    —20 

46    +22 

50    +17 

57      —13 

59    +3 

68    +   1 

69    0 

70    —29 

73    +14 

76    +6 


-  4 
-16 


—  7 

—  IS 
+  8 
—13 
—10 
+  8 

—  8 
—30 

—  4 

—  4 
0 

+  6 
—46 
—36 
—10 

—  6 
+  2 
+  6 
—10 
+  10 
—90 
+  2 
+  0 


+   1.5 
—22.5 

+  3.5 
0 

—  3.5 
—18.5 

—  1.5 


—13.5 

+  17 

—21.5 

—14 

—36 

+  3.5 

—13 

—  2.5 

+   8 

—43 

—23 
6 

5.5 
5.5 
4.5 
4.5 


+ 
+ 

+ 


+   5 
—59.5 

+  8 
+  6 


Pulse 

+  11 
—13 

+  16 

+  4 
+  7 

—  1 
—19 
+22 

+  1S 
+  11 
—12 
—12 
+  15 
—18 

—  5 
+  4 
+  6 
+  6 
+  32 
+  23 
—15 

—  3 

+  11 
—10 

+  61 

+  12 

0 


Number  of 
Baths 
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Table  9. — Low  Pbesscre  Cases.     Systolic  Pressure  150  MM.,  or  Below 
Case  Variatioi 


No.  Systolic  Diastolic 

1    —  7  —  5 

3    +  5  —10 

4    +12  —16 

7    +5D  +30 

8    +8  0 

0    +22  +20 

10    —5  +5 

12    —10  —  5 

16    +3  +3 

19    0  +4 

21    0  +2 

22    —  8  +20 

23 —  4  +5 

24    —  G  —  4 

25    —14  +2 

26    —20  —  7 

27    +  8  +3 

28    +5  +11 

20    —8  —11 

31    .".  .  —  6  —11 

32    +15  +7 

34    0  0 

37    —9  +1 

40    —10  0 

11    0  —14 

IS    +12  —10 

47    +0  +6 

48    +15  +    1 

49    —  5  +12 

51    —  5  0 

52    +   2  +14 

53    +2  +1S 

.-.I     +    1  +13 

.-..-.    +5  -}  20 

56    +12  +0 

58    —  1  +1" 

of)  +o  o 

01     —14  —  5 

02    —14  —23 

n  —  3 

(it     +11  +'-'2 

65    +7  0 

(ill    —10  n 

07    ii  +   0 

71     +1"  —  2 

72    +    6  —  7 

71    +   s  +3 

75    +7  -22 

77    —  2  +2 

7s    —   1  +2 

79    —  7  +1 

80    +4  —  2 

si    +26  +30 


'ressure  — 
Mean 

Pulse 

Number  of 
Baths 

—  6 

2 

IS 

—  3.5 

+15 

18 

•_> 

+28 

18 

+43 

+  14 

18 

+   4 

+   8 

IS 

+21 

+   2 

12 

0 

—10 

IS 

—  in..'. 

—  0 

is 

+  3 

n 

IS 

+  2 

—  4 

6 

+   1 

—  2 

11 

+  6 

—28 

IS 

+  0.5 

—  0 

18 

—  5 

2 

18 

—  6 

—16 

0 

—  1 3.5 

—13 

18 

+  5.5 

—  5 

18 

+  8 

—  6 

IS 

—  9.5 

—  3 

IS 

—  8.5 

+  5 

g 

+  11 

+  B 

18 

0 

0 

IT 

—  4 

—10 

11 

—  ." 

—10 

is 

—  7 

+14 

is 

+    1 

+  12 

is 

+   7.5 

+  3 

11 

+   8 

+  14 

11 

+  3.5 

—  17 

is 

—  2.6 

rj 

is 

+  8 

—  12 

is 

+  10 

—10 

is 

+   7 

—12 

is 

+12.5 

—  15 

is 

+10.5 

+  3 

0 

+    '  5 

—  11 

is 

+    1.5 

+  P 

is 

—  9.5 

—  !) 

12 

18.5 

+  o 

is 

—  1.5 

+   3 

is 

+16.5 

—  11 

13 

+  3.5 

+   ' 

IS 

—  5 

—  10 

IS 

+  3 

—  0 

is 

+  4 

+  22 

8 

—  1 

+  12 

< 

+  6.6 

+  5 

is 

—  7.."> 

+  20 

is 

(i 

—   4 

is 

+  9.6 

—  3 

IS 

—  3 

—  8 

5 

+    1 

+  8 

is 

—    4 

IS 
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The  diastolic  pressure  was  raised  in  eight  cases,  lowered  in  nineteen 
cases,  and  was  unchanged  in  one  case.  The  greatest  elevation  was  8  mm. 
in  two  cases;  one  of  fibroid  myocarditis  with  chronic  bronchitis  (Case  15), 
and  one  of  dilatation  of  the  heart  (Case  20).  In  the  former  the  diastolic 
pressure  was  92  mm.  at  the  beginning  of  the  treatments  and  100  mm.  at 
the  end;  in  the  latter  the  diastolic  pressure  rose  from  100  mm.,  at  the 
beginning  of  the  treatments,  to  108  mm.  at  their  close. 

The  greatest  reduction  of  diastolic  pressure  was  90  mm.,  in  a  case  of 
aortic  regurgitation  (Case  70)  after  ten  treatments.  In  a  case  of  hyper- 
trophy and  dilatation  of  the  heart  (Case  43)  the  diastolic  pressure  was 
reduced  36  mm.;  from  112  mm.  at  the  beginning  of  the  treatments  to  86 
mm.  at  their  close.  In  a  case  of  myocarditis  (Case  42)  the  diastolic 
pressure  was  reduced  46  mm.;  from  112  mm.  at  the  beginning  of  the 
baths  to  76  mm.  at  the  end. 

The  mean  pressure  in  these  cases  was  raised  eleven  times,  lowered 
sixteen  times  and  was  unchanged  once.  The  greatest  elevation  of  the  mean 
pressure  was  17  mm.,  in  a  case  of  dilatation  of  the  heart  (Case  20).  The 
greatest  reduction  of  mean  pressure  was  59.5  mm.,  in  a  case  of  aortic 
regurgitation  (Case  70). 

The  pulse-pressure  in  these  cases  was  raised  sixteen  times,  reduced 
eleven  times  and  was  unchanged  once.  The  greatest  elevation  of  pulse- 
pressure  was  61  mm.,  in  a  case  of  aortic  regurgitation  (Case  70).  The 
greatest  reduction  in  pulse-pressure  was  19  mm.,  in  a  case  of  fibroid 
myocarditis  with  chronic  bronchitis  (Case  15). 

Case  70  was  a  case  of  aortic  regurgitation  in  a  young  man,  aged  30 
years.  On  admission  he  had  dilatation  of  the  heart  as  well  as  hypertrophy, 
and  the  murmur  of  mitral  regurgitation,  as  well  as  a  double  aortic 
murmur.  The  aortic  diastolic  murmur,  however,  was  not  loud  and  was 
not  well  transmitted.  His  blood-pressure  showed  a  well-marked  fifth 
phase  at  90  mm.,  giving  him  a  pulse-pressure  of  84  mm. 

After  ten  carbonated  brine  baths,  which  were  given  in  groups  of  three 
baths  with  an  interval  of  one  day  between  each  group  of  baths,  the 
transverse  diameter  of  his  cardiac  dulness  was  found  to  be  3%  inches 
instead  of  5%  inches,  which  was  the  record  on  admission.  The  point  of 
maximum  intensity  of  the  cardiac  impulse  had  moved  in  from  5% 
inches  to  the  left  of  the  midsternal  line  in  the  sixth  interspace,  to  the 
midclavicular  line  in  the  sixth  interspace.  The  murmur  of  mitral 
regurgitation,  although  still  present,  was  not  as  loud  as  it  had  been  and 
was  not  transmitted  to  the  angle  of  the  scapula.  The  murmur  of  aortic 
regurgitation  was  still  present.  The  pulse  was  more  positively  of  the 
Corrigan  type.  The  blood-pressure  observations  gave  a  systolic  reading 
of  145  mm. ;  but  there  were  no  phases.  The  tap  could  be  heard  with  no 
pressure  in  the  cuff.  Consequently,  the  diastolic  pressure  could  be 
considered    0,    the    mean    pressure    72.5    and    the    pulse-pressure    145. 
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Gitting,'  and  Goodman  and  Howell8'9  have  pointed  out  the  absence  of 
phases  and  a  diastolic  pressure  of  0  in  cases  of  aortic  regurgitation. 

LOW-PRESSURE    CASES 

Cases  1,  3,  4,  7,  8,  9,  10,  12,  16,  19,  21,  22,  23,  24,  25,  26.  -2;. 
28,  29,  31,  32,  34,  37,  40,  44,  45,  47,  48,  49,  51,  52,  53,  54,  55,  56.  58, 
60,  61,  62,  63,  64,  65,  66,  67,  71,  72,  :  \.  75,  77,  78,  79,  80  and  81  may 
be  looked  on  as  low-pressure  cases  (Table  9).  In  these  the  systolic 
pressure  was  raised  in  twenty-six  rases,  reduced  in  twenty-one  cases 
and  was  unchanged  in  six  cases.  The  greatest  increase  in  systolic  pressure 
was  50  mm.,  in  a  case  of  beginning  interstitial  nephritis  (Case  7).  The 
patient  had  a  systolic  pressure  of  124  nun.  at  the  beginning  of  the 
Treatments,  and  at  the  end  of  the  course  his  systolic  pressure  had 
increased  to  174  mm. 

The  greatest  reduction  of  systolic  pressure  was  20  mm.,  in  a  case  of 
hypertrophy  of  the  heart  (Case  26).  The  systolic  pressure  was  150  mm. 
at  the  beginning  of  the  treatments,  and  130  mm.  at  the  end. 

The  diastolic  pressure  was  increased  in  twenty-nine  cases,  reduced  in 
seventeen  cases  and  was  unchanged  in  seven  cases.  The  greatest  elevation 
of  diastolic  pressure  was  36  mm.,  in  a  case  of  beginning  interstitial 
nephritis  (Case  7).  The  patient  had  a  diastolic  pressure  of  90  mm.  at 
the  beginning  of  the  treatments,  and  126  nun.  at  their  close.  The 
greatest  reduction  of  diastolic  pressure  was  23  mm.,  in  a  case  of  paren- 
chymatous  myocarditis  (Case  62).  At  the  beginning  of  the  treatments 
the  diastolic  pressure  was  98  mm.,  and  at  their  close  it  was  75  mm.  This 
patient  was  60  years  of  age. 

The  mean  pressure  was  elevated  in  thirty  cases,  reduced  in  twenty 

•  -  and  was  unchanged  in  three  cases.    The  greatest  increase  in  mean 
pressure  was  43  mm.,  in  a  case  of  beginning  interstitial  nephritis  (Case 
'7).     The  greatest  decrease  in  mean  pressure  was  18.5  mm.,  in  a  case  of 
parenchymatous  myocarditis  (Case  62). 

The' pulse-pressure  was  elevated  in  twenty-three  cases,  reduced  in  thirty 

i  -  and  was  unchanged  in  two  cases.  The  greatest  elevation  of  pulse- 
pressure  was  29  mm.,  in  a  ease  of  arthritis  deformans  with  myocardial 
insufficiency  (Case  75).    The  greatest  reduction  in  pulse-pressure  was  28 

i.  in  a  case  of  mitral  regurgitation  ami  aortic  regurgitation  (Case  22). 

FIBROID    MYOC  LBDITI8 

I    -■  -  I.  1.  6,  13,  15,  21,  23,  30,  34,  35,  36,  12,  46,  66,  73  and  ::  are 
*ee  of  fibroid  myocarditis  (Table  1"). 


7.  Gittinga:     'I'm    Abchives  Im.  Med.,  August,  1910,  vi,  196. 

8.  Goodman  :oi<l  Howell:     Oniv.  Peon.  Med.  Bull.,  November,  L910,  \\iii.  169. 

9.  Goodman  and  Howell:     Am.  .tour.  Med.  Be.,  September,  1911,  czliii,  834. 
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In  these  cases  the  systolic  pressure  was  raised  in  five,  reduced  in 
eight  and  no  change  was  noted  in  three.  The  greatest  elevation  of  systolic 
pressure  was  22  mm.,  in  Case  46;  the  greatest  reduction  was  42  mm.,  in 
Case  35. 

The  diastolic  pressure  was  raised  in  five  cases,  reduced  in  nine  cases 
and  was  unchanged  in  two  cases.  The  greatest  elevation  was  8  mm.,  in 
Case  15;  the  greatest  reduction  30  mm.,  in  Case  35. 

The  mean  pressure  was  raised  in  six  cases,  lowered  in  eight  cases,  and 
was  unchanged  in  two  cases.  The  greatest  elevation  of  mean  pressure 
was  8  mm.,  in  Case  73;  the  greatest  reduction  was  43  mm.,  in  Case  42. 

The  pulse-pressure  was  increased  in  eight  cases,  reduced  in  seven  cases 
and  was  unchanged  in  one  case.  The  greatest  elevation  of  pulse-pressure 
was  32  mm.,  in  Case  46 ;  the  greatest  reduction  was  19  mm.,  in  Case  15. 

Table  10. — Cases  of  Fibroid  Myocarditis 

Case  Variation 

No.  Systolic        Diastolic 

1    —  7  —  5 

4    +12  —16 

6    +12  —  5 

13    0  —  7 

15    —11  +  8 

21    0  +2 

23    —  4  +5 

30    —16  —27 

34    0  0 

35  —42  —30 

36  +11  —  4 

42  —40  —46 

46  +22  —10 

66  —10  0 

73  +14  +  2 

77  —  2  +2 

PARENCHYMATOUS    MYOCARDITIS 

Cases  14,  16,  27,  32,  40,  48,  56,  60  and  62  are  cases  of  parenchymatous 
myocarditis  (Table  11). 

The  systolic  pressure  was  raised  in  six  of  these  cases  and  was  reduced 
in  three.  The  greatest  elevation  of  systolic  pressure  was  15  mm.,  in 
Cases  32  and  48;  the  greatest  reduction  was  19  mm.,  in  Case  14. 

The  diastolic  pressure  was  raised  in  five  cases,  lowered  in  two  cases, 
and  was  unchanged  in  two  cases.  The  greatest  elevation  was  9  mm.,  in 
Case  56;  the  greatest  reduction  was  23  mm.,  in  Case  62. 

The  mean  pressure  was  raised  in  six  cases  and  lowered  in  three  cases. 
The  greatest  elevation  was  11  mm.,  in  Case  32;  the  greatest  reduction 
was  18.5  mm.,  in  Cases  14  and  62. 

The  pulse-pressure  was  increased  in  five  cases,  reduced  in  three  cases 
and  was  unchanged  in  one  case.  The  greatest  elevation  of  pulse-pressure 
was  14  mm.,  in  Case  48;  the  greatest  reduction  was  10  mm.,  in  Case  40. 


3ressure  — 
Mean 

Pulse 

Number  of 
Baths 

—  6 

2 

18 

—  2 

+28 

18 

+  3.5 

+  16 

18 

—  3.5 

+  7 

18 

—  1.5 

—19 

18 

+   1 

2 

11 

+  0.5 

—  9 

18 

—21.5 

+  11 

18 

0 

0 

11 

—36 

—12 

18 

+  3.5 

+  15 

9 

—43 

+  6 

18 

+  6 

+  32 

18 

—  5 

—10 

18 

+  8 

+  12 

18 

0 

—  4 

18 
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Table  11. — Cases  of  Parenchymatous  Myocarditis 

I  ase  Variation  of  Pressure  Number  of 

No.                    Systolic  Diastolic  Mean  Pulse  Baths 

14    —19  —18  —18.5  —1  18 

1G    +3  +3  +3                           0  Is 

27    +8  +3  +5.5  —  5  18 

32    +15  +  7  +11  +  8  18 

40    —10  0  —  5  —10  18 

60    +0  it  +4..1  +0  18 

62    —14  —23  —18.5  +   0  18 

48    +15  +1  +    8  +14  11 

56    +12  +   !»  +10.5  +3  0 

DILATATION"    OF    THE    HEART 

Cases  5,  12,  19,  20,  25,  28,  29,  76,  78,  79  and  80  are  cases  of  dilatation 
of  the  heart  (Table  12). 

In  four  of  these  cases  the  systolic  pressure  was  raised;  in  six  it  was 
lowered  and  in  one  no  change  was  noted.  The  greatest  elevation  of 
-  -flic  pressure  was  26  mm.,  in  Case  20;  the  greatest  depression  was  29 
mm.,  in  Case  o. 

The  diastolic  pressure  was  raised  in  seven  cases  and  lowered  in  four. 
The  greatest  elevation  of  diastolic  pressure  was  11  mm.,  in  Case  28;  the 
greatest  reduction  was  16  mm.,  in  Case  5. 

The  mean  pressure  was  raised  in  six  cases  and  lowered  in  five  cases. 
The  greatest  elevation  was  17  mm.,  in  Case  20;  the  greatest  reduction 
was  22.5  mm.,  in  Case  5. 

The  pulse-pressure  was  raised  in  two  cases,  lowered  in  eight  cases  and 
no  change  was  noted  in  one  case.  The  greatest  increase  in  pulse-pressure 
was  18  mm.,  in  Case  20;  the  greatest  decrease  was  16  mm.,  in  Case  25. 

Table  12. — Cases  of  Dilatation  of  the  Heart 

Case  Variation  of  Pressure Number  of 

No.                   Systolic        Diastolic  Mean  Pulse  Baths 

5  —29  —16  —22.5  —13  18 

12  —Hi  —  5  —10.5  —  0  18 

l!i  i)  +4  +2  —  4  6 

20  +26  +  8  +17  +  is  18 

25  —14  +2  —  6  —16  9 

28  +6  +11  -4-  s  —6  18 

29  —  B  —11  —  9.5.  —  3  is 

7fi  +6  +6  +6  (i  18 

7s            —  1  +2  +  0.5  —  3  is 

79  —  7  +    1  .             —  3  —8 

so  +4  —  2  +1  +  n  is 

BYPEBTHOPHT     \\'l>    DILATATION    OF    Till.     lll\i:T 

i  -.  i:;.  51,  68  and  ''»')  are  eases  of  hypertrophy  and  dilatation  of 

the  hearl  (Table  L3). 

The  Bystolic  pressure  in  these  cases  was  raised  twice,  lowered  twice 
and  no  change  was  ob»  rved  once.  The  greatesl  increase  in  Bystolic 
pressure  was  8  mm.,  in  Case  8j  the  greatesl  dei  pease  of  systolic  pressure 
wae  20  mm.,  in  Case  13. 
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The  diastolic  pressure  was  raised  once,  lowered  twice  and  no  change 
was  noted  twice.  The  elevation  amounted  to  10  mm.,  in  Case  69.  The 
greatest  reduction  of  diastolic  pressure  was  36  mm.,  in  Case  43. 

The  mean  pressure  was  raised  twice  and  lowered  three  times.  The 
greatest  elevation  of  mean  pressure  was  5  mm.,  in  Case  69;  the  greatest 
reduction  was  23  mm.,  in  Case  43. 

The  pulse-pressure  was  raised  three  times  and  lowered  twice.  The 
greatest  elevation  of  pulse  pressure  was  11  mm.,  in  Case  68;  the  greatest 
decrease  in  pulse-pressure  was  10  mm.,  in  Case  69. 

Table  13. — Cases  of  Hypertrophy  and  Dilatation  of  the  Heart 

Case  Variation  of  Pressure  Number  of 

Xo.  Systolic         Diastolic  Mean  Pulse  Baths 

8    +8  0  +  4  +8  18 

43    —20  —36  —23  +  0  18 

51    —  5  0  —  2.5  —  5  18 

68    +   1  —10  —  4.5  +11  18 

69    0  +10  +  5  —10  18 

MITRAL    REGURGITATION 

Cases  18,  24,  57,  59  and  67  are  cases  of  mitral  regurgitation  (Table 
14).  In  these  cases  the  systolic  pressure  was  raised  once,  reduced  three 
times  and  no  change  was  observed  once.  The  increase  of  systolic  pressure 
amounted  to  3  mm.,  in  Case  59.  The  greatest  reduction  of  systolic 
pressure  amounted  to  17  mm.,  in  case  63. 

The  diastolic  pressure  was  raised  in  three  cases  and  was  reduced  in 
two  cases.  The  greatest  increase  of  diastolic  pressure  was  6  mm.,  in 
Cases  59  and  67.  The  greatest  reduction  of  diastolic  pressure  was  10 
mm.,  in  Case  18. 

The  mean  pressure  was  raised  twice  and  lowered  three  times.  The 
greatest  increase  of  mean  pressure  was  4.5  mm.,  in  Case  59.  The  greatest 
decrease  of  mean  pressure  was  13.5  mm.,  in  Case  18. 

The  pulse-pressure  was  reduced  in  every  case;  the  greatest  reduction 
was  15  mm.,  in  Case  57. 

Table  14. — Cases  of  Mitral  Regurgitation 

Case                         Variation  of  Pressure  Number  of 

Xo.                     Systolic         Diastolic             Mean                  Pulse  Baths 

18    —17                 —10                 —13.5                 —7  IS 

24    —  6                  —  4                  —  5                     —  2  18 

57    —13                  +2                  —  5.5                  —15  18 

50    +3                  +6                  +4.5                  —  3  18 

67    0                  +6                  +3                     —  6  18 

HYPERTROPHY    OF    THE    HEART 

Cases  2,  26,  41,  61  and  81  are  cases  of  hypertrophy  of  the  heart 
(Table  15).  In  these  cases  the  systolic  pressure  was  increased  in  three 
and  reduced  in  two.  The  greatest  increase  of  systolic  pressure  was  26 
mm.,  in  Case  81.  The  greatest  reduction  in  systolic  pressure  was  20 
mm.,  in  Case  26. 
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The  diastolic  pressure  was  increased  in  two  cases  and  reduced  in  three 
cases.     The  greatest  increase  of  diastolic  pressure  was  30  mm.,  in  Cas 
81;  the  greatest  reduction  of  diastolic  pressure  was  ?  mm.,  in  Case  26. 

The  mean  pressure  was  increased  in  three  cases  and  reduced  in  two. 
The  greatest  increase  in  mean  pressure  was  28  mm.,  in  Case  81  and  the 
greatest  reduction  in  mean  pressure  was  13.5  mm.,  in  Case  26. 

The  pulse-pressure  was  increased  in  two  cases  and  reduced  in  three 
cases.  The  greatest  increase  in  pulse-pressure  was  11  mm.,  in  Case  2  : 
the  greatest  reduction  in  pulse-pressure  was  13  mm.,  in  Case  26. 

Table  15. — Cases  of  Hypertrophy  of  the  Heabt 

Variation  of  Pressure  Number  of 

No.                     Systolic         Diastolic             Mean  Pulse  Baths 

2    +7                 —  4                 +1.5  +11  L8 

2G —2o                 —  7                 —13.5  —13  18 

41    +1(1                  +   G                  +   8  +4  11 

61    —14                 —5                 —9.5  —  <»  12 

81    +20                  +30                  +28  —  4  is 

TACHYCARDIA 

Cases  9,  63,  64.  and  6P  are  cases  of  tachycardia  (Table  16).  The 
systolic  pressure  was  increased  in  three  of  these  cases  and  no  change  was 
noted  in  the  other  one.  The  greatest  increase  of  systolic  pressure  was  22 
mm.,  in  Case  9. 

The  diastolic  pressure  was  increased  in  two  of  the  cases;  diminished 
in  one.  and  no  change  was  noted  in  the  other  one.    The  greatesl  incn    - 
of  diastolic  pressure  was  32  mm.,  in  Case  64.    The  reduction  of  diastolic 
pressun   was  3  mm.,  in  Case  63. 

mean  pressure  was  raised  in  three  of  the  cases  and  lowered  in 
one.    The  greatesl  elevation  of  mean  pressure  was  21  mm.,  in  Cas 
The  reduction  of  mean  pressure  was  L.5  mm.,  in  Case  63. 

The  pulse-pressure  was  increased  in  Hut.-  of  the  cases  and  reduced 
in  the  other  one.  The  greatesl  increase  of  pulse-pressure  was  ~  mm.,  in 
Case  65;  the  reduction  oi  pulse  pressure  was  11  mm.,  in  Case  64. 

Table  10. — CAS]  -  01    T.\<  im  \mu.v 

Case Variation  of  Pressure  Number  of'' 

No,                   Systolic  Diastolic  Mean  Pulse  Baths 

<>    +22  +20  +21  +  2  12 

63   0  —  3  —1.6  +3  18 

I  I    +11  +22   '  +16.5  —11  13 

65    +7  0  +3.6  +7  18 

IOBTIC   REGUROITA  HON 

Cases  33,  11  and  70  are  cases  of  aortic  regurgitation  (Table  17). 
The  systolic  pressure  was  diminished  in  two  of  l!"  3e  cases  and  no  change 
was  noted  in  the  other  one.    The  greatesl  reduction  of  pressure  was  '."•' 

nun.  in  (  !ase  70. 

'I  e  diastolic  pressure  was  reduced  in  all  three  cas  ]  greatesl 
reduction  was  90  nun.,  in  Case  70. 


\ 
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The   mean   pressure  was  reduced  in   all   three  of  the   cases.     The 

greatest  reduction  was  59.5  mm.,  in  Case  TO. 

The  pulse  pressure  was  increased  in  two  of  the  cases  and  diminished 

in  the  third.     The  greatest  increase  of  pulse-pressure  was  61  mm.,  in 

Case   70;  the  diminution  of  pulse-pressure  amounted  to  12   mm.,   in 

Case  33. 

Tadle   17. — Cases  of  Aortic  Eegt/rgitatiox 

Case  Variation  of  Pressure Number  of 

No.  Svstolic         Diastolic  Mean  Pulse  Baths 

33    —20  —  8  —14  —12  3 

44    0  —14  —  7  +14  18 

70    —29  —90  —59.5  +61  10 

ARTERIOS  CLEROSIS 

Cases  37  and  50  are  cases  of  arteriosclerosis  (Tahle  18).  In  one  of 
these  cases  the  systolic  pressure  was  increased  and  in  the  other  one  it 
was  diminished.  The  diastolic  pressure,  the  mean  pressure  and  the 
pulse-pressure  were  increased  in  one  case  and  diminished  in  the  other. 

Table   18. — Cases   of   Arteriosclerosis 

Case  Variation  of  Pressure Number  of 

No.  Svstolic         Diastolic  Mean  Pulse  Baths 

37    —  9  +1  —  4  —10  11 

50    +17  —  6  +5.5  +23  18 

In  the  case  of  mitral  obstruction  and  regurgitation  (Case  3),  the 
systolic  pressure  was  increased,  the  diastolic  pressure  and  the  mean 
pressure  were  reduced,  and  the  pulse-pressure  was  increased. 

In  the  case  of  chronic  parenchymatous  nephritis  (Case  17),  the 
systolic  pressure  was  increased;  the  diastolic  and  mean  pressure  were 
reduced,  and  the  pulse-pressure  was  increased. 

In  the  case  of  beginning  interstitial  nephritis  (Case  7),  the  systolic 
pressure  was  increased  50  mm.;  the  diastolic  pressure  was  increased  36 
mm. ;  the  mean  pressure  was  increased  43  mm.,  and  the  pulse-pressure 
was  increased  14  mm. 

In  the  case  of  mitral  regurgitation  and  aortic  regurgitation  (Case 
22),  the  systolic  pressure  was  reduced;  the  diastolic  and  mean  pressure 
were  increased  and  the  pulse-pressure  was  reduced. 

In  the  case  of  fat  heart  (Case  49),  the  systolic  pressure  was  reduced. 
the  diastolic  pressure  and  the  mean  pressure  were  increased  and  the 
pulse-pressure  was  reduced. 

In  the  case  of  weak  heart  (Case  30),  the  systolic  pressure,  the  diastolic 
pressure  and  the  mean  pressure  were  reduced,  but  the  pulse-pressure  was 
increased. 

COXCLUSIOXS 

1.  Carbonated  brine  baths  have  no  constant  effect  on  the  blood- 
pressure  of  the  human  subject. 

2.  In  the  cases  in  which  observations  were  made  both  before  and 
after  each  bath  the  systolic  pressure  was  raised  more  frequently  than  it 
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was  lowered;  so  that  we  may  say  that  the  tendency  of  the  bath?  is  to 
raise  the  blood-pressure. 

3.  Although  there  are  eases  of  high  blood-pressure  in  which  a  course 
of  carbonated  brine  baths  has  been  followed  by  a  lower  systolic  pressure, 
there  are  other  cases  of  high-pressure  in  which  the  pressure  has  been 
higher  at  the  end  of  the  course  of  treatment  than  it  was  at  the  beginning; 
in  one  case  2(5  mm.  higher. 

4.  Although  there  are  cases  of  low  blood-pressure  in  which  a  course 
of  carbonated  brine  baths  has  been  followed  by  a  higher  systolic  pressure, 
there  are  other  cases  of  low  pressure  in  which  the  pressure  has  been  lower 
at  the  end  of  the  course  of  treatment  than  it  was  at  the  beginning;  in 
one  case  20  mm.  lower. 

5.  There  is  no  method  of  determining  in  advance  whether  a  given 
treatment  will  be  followed  by  an  elevation  or  by  a  fall  of  pressure. 

6.  In  the  eighty-one  cases  the  systolic  pressure  was  higher  at  the  end 
of  the  course  of  treatment  than  at  the  beginning  in  thirty-nine:  lower 
in  thirty-four,  and  unchanged  in  eight. 

7.  In  cases  of  fibroid  myocarditis  the  pressure  effect  is  inconstant. 
In  this  series  of  cases  the  systolic  pressure  was  lowered  more  often  than 
it  was  raised;  but  the  pulse-pressure  was  raised  more  often  than  it  was 
lowered.  It  seems  to  me  a  dangerous  procedure  to  use  a  form  of  treat- 
ment in  a  case  of  cardiac  fibrosis  which  may  he  followed  by  an  increas  • 
of  systolic  pn  ssure  of  22  mm.,  or  an  increase  of  pulse-pressure  of  :!'.)  nun. 

8.  In  cases  of  parenchymatous  myocarditis  tin-  effect  <>!'  the  baths 
(Mi  blood-pressure  is  usually  i<>  raise  it  :  hut  in  some  cases  the  baths  arc 
followed  by  a  reduction  of  both  the  systolic  and  the  pulse-pressures. 

9.  In  cases  of  dilatation  of  the  heart,  cases  of  hypertrophy  and  dila- 
tation of  the  heart,  can-  of  mitral  regurgitation,  cases  of  hypertrophy  of 
the  heart,  cases  of  tachycardia,  and  cases  of  aortic  regurgitation,  the  same 
uncertainty  of  results  was  Been,  excepl  thai  in  cases  of  mitral  regurgita- 
tion tin-  pulse-pressure  was  reduced  in  every  one  of  the  five  cases;  and 
in  eases  of  aortic  regurgitation  the  diastolic  pressure  ami  the  mean 
I  ressure  were  reduced  in  every  one  of  three  cas.es. 

in.  in  a  case  of  arteriosclerosis  an  increase  of  1*  mm.  in  the  systolic 
?sure  and  ■.':'.  mm.  iii  pulse-pressure  mighl  result  disastrously.     In  a 

of  chronic  parenchymatous  oephritis  an  increase  of  9  mm.  in  systolic 
pressure  am!  of  22  mm.  in  pulse-pressure  may  or  may  aol  be  aegligible. 
In  a   <;i-(-  of  interstitial   nephritis  an    increasi    of  50   mm.   in   Bystolic 

-me  could  hardly  he  though!  desirable. 

n.  The  reduction  of  Bystolic  pressure  in  a  case  "i  weak  heart  can 
scarcely  be  looked  on  a-  a  favorable  circumstance. 

]■;.  Tin-  benefit  in  the  subjective  symptoms  In  irt  disease 

which  follows  a  course  of  carbonated  brine  hath-  i-  not  dependenl  on  the 

in  e  of  the  treatment   mi   the  blood  | 
157  Pari     Avenue. 


A    CLINICAL    STUDY    OF    THE    EFFECTS    OF    SLEEP    AND 
REST    OX    BLOOD-PEESSUEE  * 

HARLOW  BROOKS,  M.D. 

AND 

JOHN  H.  CARROLL,  M.D. 

NEW   YORK 

Numerous  physiological  researches  on  both  man  and  the  lower  animals 
have  shown  that  there  is  a  marked  fall  in  blood-pressure  during  sleep. 
Tarchanoff1  showed  that  a  fall  in  aortic  pressure  of  from  20  to  50  mm. 
mercury  took  place  in  young  dogs  during  the  early  stages  of  sleep,  and 
Howell2  noted  a  like  fall  in  the  blood-pressure  of  man. 

Leonard  Hill,3  although  admitting  that  a  fall  in  pressure  took  place, 
did  not  believe  that  this  drop  was  any  greater  during  sleep  than  that 
which  has  been  demonstrated  to  occur  as  a  result  of  simple  rest  combined 
with  the  prone  posture.  Brush  and  Fayerweather,4  however,  showed 
definitely  that  this  was  not  the  case,  but  that  the  fall  was  concurrent  with 
sleep,  and  that  it  was  much  greater  than  the  drop  which  sometimes,  but 
not  invariably,  takes  place  simply  from  rest  or  on  lying  down. 

Howell  (Textbook)  brings  out  the  important  fact  that  the  maximum 
fall  occurs  between  one  and  two  hours  after  sleep,  and  that  this  same 
period  corresponds  to  the  time  of  the  greatest  auditory  insensibility,  as 
determined  by  Kohlschutter,  Czerny,  and  by  Morgenthal  and  Presbergen. 

Our  attention  was  first  called  to  these  physiological  facts  in  the  course 
of  the  study  of  a  case  of  a  peculiar  mental  and  spinal  phenomena,  mani- 
fested in  an  instance  of  disturbed  cerebrospinal  circulation.  Further 
investigation  conducted  on  carefully  selected  cases  showed  that  in  each 
individual  a  more  or  less  constant  variation  in  the  blood-pressure 
occurred,  depending  apparently  more  on  the  time  of  observation  than  on 
other  factors.  For  example,  we  found  that  the  night  pressures,  taken  in 
groups  of  night  sleepers,  were  almost  invariably  lower  than  the  day 
pressures  in  the  same  individuals,  but  that  conversely  in  night  workers 
(ten  instances  studied)  and  day  sleepers  the  finding  was  reversed.   In  the 
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hope  that  a  careful  study  of  these  conditions  might  lead  to  an  under- 
standing of  the  subject  which  might  be  utilized  clinically,  we  then  under- 
took a  quite  extensive  study  of  the  subject,  after  we  had  first  verified  on 
patients  the  correctness  as  applied  to  them,  of  the  general  physiological 
facts  above  cited. 

All  of  our  observations  were  made  using  the  12  cm.  stiff  leather  arm 
cuff,  and  in  most  instances  either  the  Janeway  or  the  Sahli  sphygmoman- 
ometers were  employed.  For  obvious  reasons  the  study  was  confined  to 
the  systolic  pressure.  In  most  instances  observations  on  individuals  or 
groups  of  cases  were  corrected  or  verified  by  subsequent  repetition  under 
as  nearly  as  possible  the  same  condition-.  In  bo  far  as  practical,  neurotic 
individuals  and  such  others  as  through  personal  peculiarities,  would  be 
likely  to  confuse  or  complicate  the  main  points  of  our  study  were  avoi 
or  eventually  excluded  from  the  statistical  study,  and  an  effort  was  made 
to  select  such  instances  as  would  appear  to  apply  most  fittingly  to  the 
question  immediately  under  discussion,  although  these  aberrant  cas  • 
afforded  a  rich  material  of  great  interest.  Naturally  it  was  found  that 
phlegmatic  subjects  showed  much  less  hourly  variations.  Buch  as  might  be 
excited  by  psychic  stimulation:  for  this  reason  neurotic  subjects  were 
avoided  in  so  far  as  possible,  or  their  records  were  discarded  when  the 
data  were  considered  statistically. 

For  convenience  of  Btudy  and  purely  from  the  clinical  standpoint,  we 
have  divided  our  series  of  carefully  observed   cases  into  three  class  •-. 

-'•  in  which  the  systolic  pressure  lay  within  the  range  of  the  usual, 
110  to  below  170  mm.  Hg;  those  in  which  the  pressure  was  less  than  the 
usual,  that  is  below  110  mm.,  and  those  in  which  the  pressure  was  above 
170  mm.  Hg,  which  class  comprised  the  high-pressure  eases.  In  order 
that  widely  discordant  results  might  not  be  reached  from  this  division 
into  more  or  less  arbitrary  classes,  excessive  alterations  in  pressure  were 
not  included  in  our  tabulated  series,  though  special  but  entirely  individual 
Btudies  have  been  made  in  many  such  Instances.  Thus,  for  example,  the 
very  low  systolic  pressure  of  65  mm.  in  a  case  of  Balvarsan  poisoning  was 
not  included,  nor  were  two  instam  3tolk  pressure  of  300  and  310 

-mm.,  respectively,  included. 

In  each  Beries  a  basis  of  comparison  was  established  by  taking 
pressure  in  each  case  between  1  and  5  p.  m..  for,  as  we  have  shown,  the 
time  of  the  day,  at  least  in  its  relation  to  rhythmic  sleep,  is  an  important 
matter  when  our  comes  to  comparatively  estimate  and  particularly  to 
Value  blood-pressure.  Each  group  was  investigated  and  recorded  doI  less 
than  tour  times,  and  mosl  cases  were  kept  on  regular  pressure  charts 
throughout. 

-  ty-eight  patients  who  showed  medium  pressures  were  Btudied, 
These  gave  an  average  basic  afternoon  pressure  of  1 12.5  mm.    Systolic 
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readings  taken  between  one  and  two  hours  after  the  night  sleep  showed  an 
average  drop  of  24  mm.  Hg.  Three  hours  after  the  morning  waking  the 
pressure  still  showed  an  average  depression  of  12  mm.,  and  from  this 
time  during  the  day  the  pressure  gradually  rose  until  the  mean  afternoon 
level  was  again  readied,  between  4  and  5  o'clock. 

Thirty  instances  of  low  pressure  were  similarly  studied.  The  group 
showed  an  average  systolic  pressure  of  100  mm.  (the  minimum  case  had 
a  pressure  of  80  mm.).  Pressure  determined  within  from  one  to  two 
hours  after  primary  sleep  showed  an  average  drop  of  16.5  mm.  The 
morning  reading  still  showed  an  average  depression  of  6.66  mm.  with  a 
slow  return  to  the  general  average  of  evening  pressure. 

Twenty-nine  cases  of  high-pressure  with  an  average  systolic  reading 
of  204.5  and  a  maximum  in  two  cases  of  250  mm.,  showed  an  average 
one-  to  two-hour  drop  of  44.8  mm.  and  a  morning  pressure  of  22.8. 

It  is  a  noteworthy  fact  that  the  least  drop  in  pressure  took  place  in 
those  patients  who  had  an  initial  low-pressure  and  the  greatest  fall  in 
those  with  the  highest  systolic  reading.  Study  of  isolated  examples  of 
very  high  and  of  very  low  pressure  show  this  fact  in  even  more  marked 
degree.  Just  as  under  physiological  conditions  the  maximum  fall  occurs 
within  two  hours  after  falling  asleep,  with  a  subsequent  slow  rise  cul- 
minating in  the  afternoon  reading. 

That  this  fall  is  a  definite  attempt  at  conservation  on  the  part  of 
nature,  needs  no  very  vivid  imagination  to  conceive. 

Observations  conducted  on  these  and  other  groups  of  selected  cases, 
including  also  neurotic  subjects,  indicate  that  the  preliminary  drop  after 
sleep  is  a  very  rapid  one  and  that  the  rise  thereafter  begins  during  sleep, 
very  soon  after  the  point  of  minimum  pressure  and  extends  up  gradually 
through  the  remainder  of  the  sleep  period,  to  slowly  rise  during  the  day 
until  the  maximum  pressure  of  the  afternoon  is  reached.  This  is  the 
course  when  patients  are  confined  to  bed,  but  when  they  are  allowed  to 
rise  and  go  about  the  ward  there  is  a  slight  but  rapid  rise  of  a  few  mm. 
incident  to  getting  up,  after  which  the  usual  slow  upward  curve  ensues, 
and  except  in  this  particular  no  essential  difference  between  bed  and 
ambulatory  cases  is  demonstrable. 

Although  it  might  reasonably  be  inferred  from  the  foregoing  that  a 
regular  blood-pressure  curve  exists  not  only  in  normal  but  also  in  super- 
and  subnormal  cases,  and  while  such  is  true  of  the  average  case,  many 
exceptions  exist,  especially  in  subjects  markedly  influenced  by  various 
psychic  factors  and  particularly  as  we  have  demonstrated  to  our  own 
satisfaction  in  cases  of  circulatory  decompensation  or  in  cases  about  to 
decompensate. 

The  marked  effect  of  nervousness  and  apprehension  in  influencing 
the  blood-pressure   curve,    has   not,   we  believe,   been    overestimated   by 
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clinicians,  and  as  before  mentioned,  in  our  systematic  groups  we  have 
attempted  insofar  as  practical,  to  eliminate  those  patients  in  whom  this 
factor  was  likely  to  be  a  dominant  one. 

(.umprecht  found  a  fall  in  the  pressure  of  laboring  men  with  readings 
1. .tween  160  and  200  mm.,  after  rest  in  bed  on  their  entrance  into  the 
hospital,  and  he  attributes  this  drop  to  unaccustomed  rest.  Hensen.5 
however,  calls  attention  to  the  higher  readings  usual  in  patients  of  this 
class  on  the  first  day  of  their  hospital  residence.  We  are  inclined  from 
our  studies  to  agree  with  Hensen,  for  we  have  not  found  that  rest  per  se, 
that  is.  physical  rest,  materially  alters  either  super-  or  normal  blood- 
pressure,  although  it  exerts  a  profound  elevating  influence  on  the  low 
pressures  of  exhaustion.  Concerning  mental  or  psychic  rest  or  sedation, 
however,  we  are  strongly  of  the  opinion  that  profound  changes  in  pressure 
occur,  and  although  we  have  not  as  yet  proved  it  to  our  complete  satis- 
faction, we  believe  that  these  factors  determine  to  a  very  large  degree  the 
undoubted  benefit  derived  from  rest  in  cases  of  high  pressure. 

It  is  admittedly  foreign  to  the  nature  and  intent  of  this  paper  to 

•  r  into  an  attempt  at  physiological  interpretation  of  the  fall  of  blood- 
pressure  after  Bleep,  but  the  subject  is  so  alluring  and  admits  of  so  very 
many  interesting  and  possibly  therapeutically  important  inferences  that 
it  is  difficult  totally  to  abstain  in  this  direction.  From  a  somewhat 
limited  number  of  observations  conducted  alike  on  high,  medium  and  low 
pressure  cases,  it  seems  that  the  fall  in  pressure  after  sleep  is  much  more 
pronounced  after  the  customary  regular  or  rhythmic  sleep,  be  this  night 
or  day,  while  the  drop  which  also  occur-  as  a  result  of  the  sleep  taken  at 
irregular  interval-  is  usually  much  less  in  degree  and  less  abrupt  in 
appearance,  although  we  have  some  evidence  to  the  effect  thai  after  pro- 
found physical  exhaustion  the  drop  in  pressure  which  occurs  with  sleep 
„  is  <  ven  moTe  rapid,  but  it  does  not  fall  much  if  any  below  the  accustomed 
level  which  we  believe  from  these  clinical  cases  to  be  an  individual  period, 
parable  to  the  usual  pulse-rate  in  am  given  individual,  though 
apparently  quite  classifiable  with  Bimilar  instances  in  the  same  type  of 
persons. 

Thai  the  drop  ie  in  Bome  way  directly  connected  with  the  phenomena 
is  apparently  suggested  by  th<  Eacl  that  in  cur  groups,  when  the 
patient-  wen-  doI  allowed  to  Bleep,  the  pronounced  fall  doee  nol  lake  place 
although  a  certain  drop  occurs  perhaps  as  a  result  of  posture  or  rest. 
This  conclusion  is  based  on  a  Btudy  of  -i\t.  cases.  Furthermore,  when 
turbed,  as  by  disagreeable  dreams,  noise  or  pain,  although 
complete  unconsciousness  may  be  attained  the  drop  is  not  bo  pronounced. 
This  fact  may  very  likely  account  for  the  comparative  exhaustion  which 
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is  clinically  observable  in  patients  after  a  night  of  disturbed,  although 
unconscious,  sleep.  This  fact  was  especially  suggested  by  one  night's 
observations  when  the  sleep  in  the  general  ward  had  been  disturbed  by  the 
presence  of  a  delirious  patient.  Eecords  taken  of  previously  studied 
patients,  who  despite  the  annoyance  had  become  unconscious,  showed  a 
drop,  but  not  to  the  accustomed  degree. 

Disturbance  of  patients  during  the  first  sleep  delays,  but  does  not 
necessarily  prevent  the  maximum  fall  in  pressure,  but  frequent  interrup- 
tion of  sleep  does  prevent  it.  When  the  maximum  drop  has  taken  place 
before  the  patient  wakes  it  does  not  recur  that  night  no  matter  how  sound 
the  subsequent  sleep  may  be. 

As  to  whether  this  drop  is  occasioned  by  the  sleep  or  whether  it  occurs 
as  a  rhythmic  phenomenon,  independent  of.  but  concurrent  with  sleep,  we 
do  not  as  yet  feel  entirely  prepared  to  speak,  but  we  do  not  think  from  our 
studies  that  it  is  in  any  way  concerned  in  the  causation  of  sleep,  for  the 
fall  appears  subsequent  to.  rather  than  preliminary  to,  or  concurrent  with 
sound  sleep.  As  some  of  our  instances  apparently  show,  sleep,  sound, 
refreshing,  at  the  usual  time  and  apparently  entirely  physiological,  may 
occur  without  this  drop ;  we  are  nevertheless  convinced  that  in  general 
the  drop  is  a  physiological  necessity  and  that  its  degree  is  determined  in 
at  least  a  general  way  by  the  requisite  rest  and  release  from  tension 
demanded  by  the  individual. 

The  amount  of  night  urinary  secretion  is  apparently  in  no  way 
dependent  on  the  grade  or  degree  of  pressure-drop  in  so  far  as  can  be 
determined  from  these  eases.  (Six  cases  only  were  studied  in  regard  to 
this  point,  two  high,  two  medium  and  two  low.) 

In  an  attempt  to  apply  these  observations  clinically  we  have  endeavored 
to  ascertain  whether  prolonged  sleep  causes  a  proportionate  lowering  of 
the  pressure.  "Within  an  ordinary  degree  at  least  this  does  not  appear  to 
be  the  case  and  attempts  to  secure  even  a  temporarily  lower  twenty-four- 
hour  pressure  by  prolonging  or  deepening  the  sleep  were  apparently 
without  avail.  Furthermore,  we  found  that  little  difference  existed  in  the 
total  twenty-four-hour  pressure  whether  the  patient  is  confined  to  bed 
or  is  allowed  to  be  up  and  about. 

A  special  series  of  observations  (ten  instances)  were  conducted  to 
determine  whether  the  sleep  drop  might  not  be  artificially  increased  in 
order  to  secure  a  lower  pressure  curve  in  concrete  cases  of  high  pressure. 
We  obtained  no  results  in  this  direction,  and  in  cases  in  which  the  drop 
and  curve  had  been  previously  determined,  by  the  administration  of 
potassium  bromid  in  a  dosage  of  as  high  as  120  grains  the  degree  or 
persistance  of  the  fall  was  not  increased.  The  same  lack  of  result  was 
shown  when  chloral  hydrate  in  a  dosage  of  50  grains  per  night  was  given, 
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the  drop  and  curve  were  not  materially  altered.  From  these  and  from 
other  clinical  observations  we  fet  1  justified  in  the  discouraging  conclusion 
that  this  sleep-drop  cannot  as  yet  be  utilized  therapeutically  to  lower  the 
blood-pressure  and  that  although  its  effect  in  high  blood-pressure  cases 
is  more  marked  than  that  of  any  ding  in  medicinal  doses,  it  cannot  be 
employed  therapeutically.  It  may,  however,  be  said  parenthetically  that 
the  more  we  study  this  question  of  blood-pressure  the  more  we  become 
persuaded  toward  the  conclusion  that  the  often  frantic  efforts  to  lower 
high  blood-pressure  are  perhaps  as  harmful,  if  successful,  as  they  are 
usually  futile. 

44  West  Ninth  Street.— 84  West  Twelfth  Street. 


AETEEIAL    LESIOXS    FOUND    IX    PEBSOXS    DYIXG    FROM 
ACUTE    IXFECTIOXS,    AXD    ATTEMPTS    TO    PRO- 
DUCE   AETEEIAL    LESIOXS    IX    AXIMALS 
BY    XOX-IXFECTIOUS  TOXINS* 

CHANGING  FROTHIXGHAM,  JR.,  M.D. 

BOSTON 

In  a  former  study1  it  was  shown  that  diffuse  arterial  lesions  of  a 
mild  grade  were  frequently  associated  with  certain  acute  infectious  dis- 
eases in  young  people.  These  lesions  were  in  no  way  characteristic  of 
acute  infections,  as  they  were  similar  to  the  usual  lesions  found  in  the 
arteries  in  old  age,  whatever  be  their  causes.  These  lesions  consisted  of 
fatty  changes  with  or  without  cellular  invasion  in  the  intima  and  media 
of  the  vessels.  In  some  cases  the  connective  tissue  was  increased  in  the 
intima,  media  or  both,  and  in  some  there  was  loss  of  muscle  substance  in 
the  media.  In  the  arteries  in  the  spleen  there  was  a  peculiar  hyaline-like 
degeneration  involving  one  or  all  the  coats.  It  is  impossible  to  say,  there- 
fore, whether  or  not  these  lesions  in  these  special  cases  are  due  to  the 
toxins  of  the  disease. 

In  one  of  the  cases  of  general  septicemia  in  this  former  study  a  differ- 
ent kind  of  arterial  lesion  was  found  in  the  kidney.  There  was  necrosis 
of  the  vessel  wall  with  fibrin  formation  and  invasion  into  and  around 
the  vessel  wall  of  polynuclear  leukocytes  and  endothelial  cells,  as  is  shown 
in  the  accompanying  photograph. 

It  is  known  that  the  tubercle  bacilli  and  the  spirochetes  of  syphilis 
invade  arterial  walls  and  cause  lesions  characteristic  of  the  organism, 
which  leave  a  permanent  scar.  The  question  therefore  arose  as  to  the 
possibility  of  this  lesion  being  due  to  the  presence  of  some  special  infec- 
tious organism,  or  to  a  certain  kind  of  circulating  toxin. 

This  study  consisted  of  a  search  for  lesions  of  this  type.  For  this 
purpose  autopsy  material,  preserved  in  the  usual  routine  manner  of  the 
Boston  City  Hospital  pathological  laboratory,  was  used.  The  tissue  after 
Zenker's  fixation  was  stained  with  eosin  and  methylene-blue  stains.  Sec- 
tions from  the  more  important  organs  and  aorta  were  examined.  Occa- 
sionally one  or  more  organs  were  missing  in  a  given  case.  Usually  only 
one  or  two  slides  of  the  same  oro-an  were  examined.    This  was  found  later 
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to  have  been  unfortunate  as  in  some  cases  lesions  would  only  appear  in 
every  third  or  fourth  slide. 

A-  this  type  of  injury  to  the  vessel  wall  was  quite  distinct  from  the 
early  or  late  so-called  arteriosclerotic  changes,  tissue  from  patients  up  to 
,40  years  of  age  was  studied.  Fn  all.  sections  from  fifty-six  patients  were 
examined.  Of  these  forty-eight  died  from  acute  infectious  diseases. 
These  forty-eight  cases  included  bronchopneumonia,  diphtheria,  typhoid 
fever,  pneumonia,  tuberculosis,  scarlatina,  measles,  general  sepsis,  and 
septic  conditions  of  the  ear.  salpinx,  peritoneum,  meninges,  joints,  brain. 
liver  and  pleura. 

Xo  mention  will  he  made  of  the  lesions  in  the  vessels  characteristic 
of  so-called  arteriosclerosis  and  occurring  in  cases  of  acute  infection  as 
described  above.  Only  those  lesions  are  mentioned  in  which  there  was 
oecrosis  of  the  vessel  wall  with  fibrin  formation  and  cellular  invasion. 
hi  Eome  of  these  vessels  thrombi  wore  formed  which  extended  beyond  the 
site  of  the  necrosis.  In  none  of  the  eight  cases  which  died  from  chronic 
non-infeetiou-  disorders  wen'  lesions  of  this  type  found. 

Of  the  forty-eight  cases  with  acute  infection-  eighl  showed  arterial 
lesions  of  this  type.  These  cases  with  the  location  of  the  lesions  were  as 
follows  : 

Artery  in  the  kidney  from  the  case  numbered  Path.  Records  1910  15.  For  this 
.photograph  T  am  indebted  to  Dr.  I".  B.  Mallory. 

Pathological  record  B.  C.  II.  1911-47,  aged  t;  years.  Purulent  meningitis. 
Autopsy  cultures,  streptococcus.  Arteries  in  meninges  involved.  Arteries  in 
other  organs  nol  affected. 

Path,  record  B.  C.  II.  1911  38,  aged  32  years,  tuberculosis  of  lung  and  meninges. 
Autopsy  cultures,  tubercle   bacilli,  and   mixed  growth.     Only   meningeal   vessels 

show   this   lesion.  > 

Path,  record  B.  C.  II.  l"ll  !•_'.  ;•  lt>-< I  34  years.     Acute  endocarditis,  pneumonia, 

pulmonary  infarcts.     No  culture  taken.    This  ty] t"  arterial  lesion  occurred  only 

in  the  lung. 

Path,  record  B.  <  .  II.  1911-4,  aged  "  years.  Empyema  and  lung  abscess  with 
miliary  tuberculosis  following  Bcarlel  fever.  Autopsy  cultures  Bhowed  mixed 
infection.     Acute  arterial  lesions  of  this  type  found  in  liver  and  lungs. 

Path,  record  inin-17!'.  aged  •">  year-.  Empyema,  pericarditis,  and  meningitis 
following  diphtheria.  Autopsy  cultures  negative.  This  type  of  lesion  only  found 
in  the  vessels  of  the  lung  and  meninges.  v 

Path,  record  1911-96,  aged  '■'•  years.  Diphtheria  and  bronchopneumonia. 
Autopsy  cultures,  diphtheria  bacilli  and  others.  Vessels  in  the  pharyngeal  wall 
Bhowed  these  lesions. 

Path,  record  1910-16,  aged  8  years.  General  Bepsis  with  pua  in  joints,  etc., 
following  -'aiht  fever.  No  cultures  taken,  (larked  arterial  lesions  of  this  type 
were  found  in  the  kidney,  heart,  liver,  ami  muscle  abscess. 

Path,  record,  1897  171,  aged  •'!  years.  Diphtheria  and  interstitial  nephritis. 
Autopsy  eu it  hit-  streptococcus  and  staphylococcus.  Only  tissue  of  the  kidnej  was 
available.    In  the  kidney  uric  marked  arterial  lesions  of  this  acute  type. 

From  a  Btudy  of  these  cases  it  ia  evidenl  thai  marked  arterial  lesions 
of  this  type,  although  nol  common,  do  occur  with  moderate  frequency, 
and  are  pretty  well  distributed  throughoul  the  different  organs.     They 
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seem  to  occur  chiefly  in  infections  caused  by  or  complicated  with  the  pus- 
forming  cocci.  In  no  case  could  the  possibility  of  the  bacteria  being 
present  in  the  lesion  be  excluded,  although  they  were  not  demonstrated. 
The  case  of  periarteritis  nodosa  reported  by  Longcope2  shows  a  similar 
lesion  and  is  considered  to  be  due  to  some  infectious  process.  Kecently 
Mallory3  has  found  similar  lesions  in  the  arteries  of  the  heart  during 
acute  articular  rheumatism.  The  end-result  of  such  a  lesion  on  healing 
must  show  a  permanent  scar  in  the  arterial  wall.     Jt  seems  reasonable 


Marked  arterial  lesion  found  in  an  artery  in  the  kidney  following  scarlet  fever. 


to  suppose  that  less  severe  infections  of  the  same  type  which  terminate 
in  recovery  may  cause  similar  arterial  lesions  with  an  arterial  scar  carried 
into  later  life.  The  question  immediately  arises.  Do  repeated  lesions  of 
this  sort  lead  to  the  so-called  arteriosclerosis  of  old  age?  If  such  a 
lesion  heals  with  a  partial  occlusion  of  the  lumen,  it  is  reasonable  to 
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3.  Mallory,  F.  B.:   Unpublished  article. 
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suppose  that  the  vessel  wall  distal  to  this  poinl  ma\  suffer  from  dimin- 
ished blood-supply.  It  is  also  possible  that  the  arterial  wall  adjaceni  to 
the  scar  may  suffer  from  lack  of  nutrition  due  to  the  surrounding  scar 
tissue. 

With  the  hope  thai  clinical  histories  mighi  throw  some  light  on  the 
cause  of  arteriosclerosis  the  record  of  two  patients  with  marked  sclerosis 
of  the  arteries  aged  22  and  L6  years,  respectively,  were  carefully  studied. 
There  was  nothing  in  the  history  of  either  case  which  could  be  pointed 
to  as  a  possible  cause  of  the  sclerosis,  It  is  only  fair  to  state  that  the 
histories  were  no!  carefulh  taken  with  this  poinl  in  view. 

In  studying  these  sections  it  was  noted  that  in  cases  of  chronic 
order  such  as  nephritis,  diabetes,  etc.,  the  arterial  lesions  characteristic 
of  arteriosclerosis  were   usually  quite  marked.     An  attempi    was  made, 
therefore,  to  produce  in  rabbits  arterial  lesions  of  the  degenerative  type 
by  metabolic  or  chemical  poisons. 

Although  the  experiments  were  uniformly  unsuccessful  in  producing 
lesions,  they  will  be  briefly  described.  In  this  work  tissues,  preserved  in 
formaldehyd  solution,  were  stained  with  Scharlach  R  for  fai  in  addition 

s 

to  the  routine  eosin  and  methylene-blue  stain  on  Zenker  fixed  material 
used  in  this  laboratory. 

Double  nephrectomy  under  ether  anesthesia  was  performed  on  five 
rabbits  which  lived  from  twenty-four  to  forty-four  hours  alter  operation. 
In  this  time  fatty  changes  had  occurred  in  the  heart  muscle  as  described 
by  Lewi-.1  hut  qo  evidence  was  found  of  lesions  in  the  arteries. 

Bovine"  bile  was  injected  intravenously,  intraperitoneal!}  and  subeu- 
taneouslv  in  varying  amounts  into  rabbits  for  differed  lengths  of  time. 
Although  the  results  varied  with  the  differed  biles  used  il  seemed  as 
though  fatt\  changes  were  produced  in  the  hearl  and  liver  in  .-nine  cases. 
\"  arterial  lesions  were  formed,  however,  in  an\  of  the  cases.  Tissue 
from  a  cai  which  had  hern  kepi  in  a  state  of  glycosuria  for  over  a  yeai 
by  Dr.  Allen  was  examined  for  lati\  changes  in  the  vessels.  No  pieces 
of  the  aorta  were  obtainable,  hm  the  arteries  in  the  differeni  or&rans 
ghowed   no  degenerative  lesions. 

The  kidneys  were  examined  in  four  rabbits  which  had  been  injected 
h\  Dr.  Christian8  with  uranium  nitrate  and  either  caffein  or  adrenalin 
and  spartein  in  work  on  experimental  nephritis.    In  these  kidneys  marked 

one  were  found  in  the  parenchymal  cells  and  also  in  the  glomeruli. 
Hemorrhages  were  present  in  the  glomeruli.  In  three  of  these  cases  no 
arterial  lesions  were  found.  In  one  a  few  fai  granules  were  preseni  in  a 
\'rw  of  the  small  ai  teries. 


i    Lev  is :  Joui ,  Med.  Research,  1907,  x\  ii,  291. 

6.    Frothinghara  and  Minot:  Jour.  Med.  Research,  1912,  xxvii. 

6,  Christian,  Smith  and  \\  ;i  1  k < •  i  :  Thi   Abchives  i  n  i    Med.,  1911,  mi,  168. 
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In  three  rabbits  which  had  been  injected  with  adrenalin  and  spartein 
by  Dr.  Christian  there  were  marked  degenerative  lesions  in  the  cardiac 
muscle  and  proliferation  of  the  cardiac  connective  tissue.  In  these  cases 
the  arteries  showed  no  lesion  with  the  possible  exception  of  a  slight 
amount  of  fat  in  a  few  arteries  in  one  case.  It  is  interesting  to  note 
that  toxins,  which  will  produce  an  hypertrophy  of  connective  tissue  in 
the  stroma  of  an  organ,  apparently  have  no  effect  on  the  connective 
tissue  of  the  vessel   walls. 

COXCLUSIOX 

Although  this  study  has  thrown  no  light  on  the  relation  between  non- 
infectious toxins  and  arterial  disease  it  has  shown  that  during  acute 
infectious  diseases  severe  localized  arterial  lesions  may  occur. 

51    Hereford   Street. 
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[NTEODUI   I  l«i\ 

M\  objecl  in  presenting  this  paper  is  to  relate  the  fact-  in  connection 

with  ni\  observations  and  to  call  attention  to  the  possible  significance  of 

yeasl  organisms  in  the  sputa  of  doubtful  lung  cases. 

J  am  greatly  indebted  to  the  physicians  of  Pomona  who  1  i;i \ < ■  so  kindly  and 
generously  cooperated  with  me  in  these  investigations,  and  to  Dr.  Charles  C. 
Browning  of  Los  Lngeles  Cor  consultation  and  suggestions  in  Case  7:  n>  Dr.  D.  J. 
Davis  of  St.  Luke's  Hospital,  Chicago,  for  his  interest  and  valuable  suggestions, 
and  ;il-'»  t<>  Dr.  1.  C.  Herb  of  the  Rush  Medical  College  for  assistance  in  trans- 
lation of  literature.     I  desire  to  express  mj   deep  appreciation  for  tl ver  readj 

and   helpful   interesl    shown   bj    Dr.   Stanley    P.    Black   of    Pasadena,   whose   wise 
counsel  and  advice  have  I n  a  constanl  incentive  to  careful  work. 

i.n  i:i;  LTURB 

Claude  Bernard,1  the  French  physiologist,  experimenting  with  yeasl 
in  L848,  produced  infections  in  animals.  Since  thai  time  various 
observers  have  had  similar  results,  using  for  their  experiments  wine 
yeasts,  beer  yeasts  and  the  thrush  fungus.  Sanfelice,2  experimenting  in 
L895  with  two  varieties  of  saccharomyces,  one  from  Irnit  juice,  found 
them  to  be  pathogenic  for  guinea-pigs  and  white  mice.  Lydia  Rabino- 
witch3  made  a  careful  experimental  study  with  fortj  yeasts  which  were 
obtained  from  differenl  sources.  She  found  eight  pathogenic,  some  pro- 
ducing granulomatous  nodules  and  others  a  septicemia.  Maffucci  and 
Sii-leu'  found  thai  a  species  oi  3accharomyces  produced  in  guinea-pigs 
a  pulmonar}  affection  which  resembled  tuberculous  pneumonia.  DemmeV 
Saccharomyces  ruber,  which  he  held  responsible  for  an  outbreak  of  intes; 
tinal  catarrh  in  a  family  of  seven  children,  was  found  to  be  pathogenic 
for  guinea- pigs,  dogs  and  mice. 

Thai  Bacchar ycosis  of  the  raucous  membrane  is  possible  has  been 

demonstrated  i>\   Colpea  and   Bosdike,  who  obtained  a   pathogenic  yeasl 

Manuscripl   submitted   foi    publication   Maj    24,   1012. 

Kead  al  the  meeting  of  the  Southern  <  alifornia  Medical  Society  al  Pasadena, 
Maj    l.    1912. 

I     Bernard,  <  laude:      Lecona  de   Pathologie    Experimentale,    1871. 

2,  Sanfelice,    Francesco;    Centralbl    I     Bakteriol.,   1895,  icviii,  52. 

::.   Rabinowitch,  Lydia:   Ztschr.  f.   Hyg.  u.   [nfektionskrankh.,   1895,  xxi. 

i     Maffucci,    V.  and   Sirleo,   L.:    Policlinico,    1895,   p    138 

6    Demm<     I:      B(  i  lin   1890,  Hirsehwald. 

..    i  olpe:    kreh.  f.  Gynttk.,  1894,  slvii. 
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from  a  patient  with  chronic  catarrh  of  the  uterine  cervix.  Busse7  found 
the  fungus  in  proliferative  catarrh  of  the  nasal  mucosa.  Busse  also,  in  1894, 
described  a  yeast  which  he  found  in  a  case  of  pyemia  and  which  he  named 
Saccharomyces  homhiis.  In  all  he  published  four  communications 
regarding  this  fungus,  and  the  same  organism  was  described  by  Buschke.8 
Gilchrist9  described  a  pure  skin  disease  caused  by  a  yeastlike  fungus. 
Curtis10  published  an  account  of  a  case  in  which  a  yeast  caused  myxoma- 
like  tumors.  He  called  this  fungus  Saccharomyces  humaine.  Huebner11 
found  a  saccharomycete  in  pustules  of  the  skin  on  various  parts  of  the 
body.  Corselli  and  Frisco12  cite  a  case  in  which  nodules  were  seen  in 
omentum  and  mesentery.  In  this  case  yeast  organisms  were  found  in 
chylous    and    ascitic    fluids    obtained    by    exploratory    puncture    during 


Fig.    1. — Saccharomycete    in   fresh    drop.      Oil   immersion. 

life,  and  were  found  to  be  pathogenic  for  guinea-pigs,  rabbits  and  dogs. 
Troisieur  and  Achalme13  found  a  saccharomycete  in  a  case  of  pseudo- 
membranous angina   in   a   typhoid   fever  patient.     Clinton   Hickey14   of 

7.  Busse.  Otto:  Ueher  Saccharomycosis  hominis,  Virchows  Arch.  f.  path. 
Anat.,  1895,  cxl,  23;  Experim.  Untersuch.  liber  Saccharomycosis,  Virchows  Arch. 
f.  path.  Anat..  1896,  cxliv,  360. 

8.  Buschke.  A.:    Klin.  Vortriige,  1898.  Xo.  218. 

9.  Gilchrist,  T.  C:  The  Johns  Hopkins  Hosp.  Rep.,  1896,  i,  269. 

10.  Curtis:    Contribution   a    l'Etude   de   la   Saccharomycose  humaine.   Ann.   de 
l'Inst.  Pasteur,  lsiiii.  \,  449. 

11.  Heubner:   Deutsch.  med.  Wchnschr.,   1904.  Nos.  33  and  34. 

1--!.  Corselli,  G..  e  Frisco.  B.:  Centra  11.1.  f.  Bakteriol..  1895.  xviii.  368. 

13.  Troissier,    E.,   and    Achalme.    P.:    Arch,    de    med.    expend,    et    d'anat.   path., 
1895,  v,  29. 

14.  Hickey.  Clinton:   Colorado  Med.  Jour.,  1900,  vi,  No.  2,  p.  485. 
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Denver  described  in  1900  two  cases  of  scarlatina]  angina  and  one  of 
"sore  throat"  in  which  a  dense  exudate  covered  tonsils,  pillars  <>f  fauces 
and  margins  of  soft  palate.  The  city  bacteriologisl  reported  "no  Klebs- 
Loffler  bacilli,  no  streptococci,  and  no  staphylococci,  but  numerous  yeas! 
cells."  Steinhaus13  found  a  yeast  in  a  child  suffering  from  scarlet  fever 
which  he  called   Saccharomyces  membranngenes.     <>n  the   fifth  day  the 


Fig.   2.— Saccharomycete,   3mear   from   24-hour  culture   stained   with    Lflffler 
unt  hvlene-blue.     <  )il   immersion. 


Fig.  :;.     Saccharomycete,  smeai   from  3  weeks  old  culture  Bh  iwing  man]  emptj 
capsules,  stained  \\\\\\  Ldffler's  thylene-blue,     <»il  immersion 

child  developed  croup  with  ;i  very   fetid  odor.     <>n  the  twenty-first   da] 

dyspnea  developed  and  tracheol j  was  performed.     After  operation  the 

child  coughed    up  a   tenacious  mass,   following   which   breathing   b 


15.  Steinhaus:    Centralbl.    t.    Bakteriol.,    I    abt.    Orig.,    1906-07,    xliii,   part    1. 

p.    p... 
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easier.  An  aseptic  instrument  was  passed  into  the  trachea  and  membrane 
secured  for  cultures.  One  thousand  units  of  antitoxin  were  given,  as 
diphtheria  had  been  diagnosed.  The  patient  died  next  day.  Autopsy 
was  not  allowed.  Cultures  were  made  on  Loffler's  blood-serum.  Sixteen 
hours  later  the  plate  showed  large,  glistening,  round,  light  yellow-tinged 
co'onies  which,   much   to.  his  surprise,   revealed   pure  cultures  of  yeast. 


Fig.    4. — Saccharomyeete   in    tissues,    surrounded   by    leukocytes,   mostly    poly 
nuclears;   hematoxylin  and  eosin  stain.     Oil  immersion. 


Fig.    5. — Saccharomyeete.   nuclear   stain.  Janssen's  and   Leblanc's   modification 
of  Mueller's  method.     Oil  immersion. 


In  his  animal  experiments,  mice,  guinea-pigs  and  rabbits  were  employed. 
He  used  intravenous,  subcutaneous  and  abdominal  injections:  also  feed- 
ing bread  soaked  in  bouillon  cultures  of  yeast,  all  of  which  produced  the 
characteristic  infection,  and  at  autopsy  the  characteristic  miliary  tubercles 


I  I: 


THE      IRCHIVES     OF     INTERNAL      t//7>/'7\/. 


ami  sections  revealed  the  yeasl  fungus  in  all  organs  and  in  blood-1 
and  nerves.  Bis  article  Is  complete  in  everj  detail.  Reitman18  cites 
a  case,  a  patienl  of  30  years,  sick  eleven  days,  who  died  four  days  after 
entrance  to  the  hospital.  The  autops}  showed  croupous  pneumonia  and 
glomerulitis.  Only  sections  of  kidneys  were  examined,  bul  many  of 
these  sections  contained  double-contoured  refractile  bodies  between  5  and 
20  microns  found  in  epithelium  of  the  tubules  in  the  glomeruli,  and  free 
in  the  blood-stream.  It  was  impossible  to  make  cultures  in  this  case  on 
account  of  the  non-recognition  before  hardening.  He  depended  on  stain- 
ing and  morphology,  bul  thinks  thai  they  correspond  to  the  organism 
described  by  Busse.  Castellani,17  director  of  the  Clinic  for  Tropical 
Diseases,  Colombo,  gives  some  interesting  observations  on   fungi   found 


Fig.  6.     Saccharomycete ;   smear  from   pus  in  Case   I  I  ■.   nuclear  stain   for  dif- 
ferentiating.    Oil   i  mmersion. 


in  tropical  bronchomycoses,  to  which  various  names  arc  given  (tea-factory 
cough,  copra  cough,  etc.),  Among  other  fungi  he  found  a  saci  haromyci  ti 
iu  ice. 

The  subject  of  pathogenic  yeasts  has  been  so  carefull}  and  thoroughly 
covered,  and  th<  literature  30  completely  reviewed  bj  Ricketts  in  his 
monograph  "Oidiomycosis  (Blastomycosis)  oi  the  Skin  and   tts  Fungi," 

and  by  Hekl in  hi-  summary  of  cases  of  "Systemic  Blastomycosis  and 

I  occidioidal   Granulomata,"  that    further  reference  except   to  these  two 


16.  Reitman:   Centralbl,   t.    Bakteriol.     1805,   p.  226. 

17.  (  astellani,  Aldo:  Observationa  on  the  Fungi  t" I  in  the  Tropical  Broncho- 

mycoses,  Lancet,  London,  1912,  i,  No.  1.  |>.  13. 
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works,  with  their  bibliography,  seems  unnecessary.  Hektoen18  says  that 
the  history  of  many  of  the  cases  cited  by  him,  and  the  bronchopneumonic 
character  of  some,  may  be  taken  to  indicate  their  air-borne  nature.  In 
a  number  of  these  cases  blastomycetes  were  found  in  the  sputum,  and  in 
some  of  them  the  pulmonary  symptoms  were  the  first  to  appear,  followed 
in  most  cases  by  localization  of  lesions. 

Eegarding  the  occurrence  of  }-easts  in  Nature,  Klocker19  says: 
"Hansen's  researches  on  the  circulation  of  saccharomycetes  in  Nature, 
and  on  the  amount  of  microorganisms  in  the  air  at  various  seasons  of 
the  year,  have  led  to  the  following  results,  very  important  to  the  brewer : 
(1)  Wind  and  insects  are  the  most  important  means  of  transportation 
of  yeast  cells  in  Nature,  especially  the  first.  (2)  Dust  clouds  in  the 
harvest  months  are  rich  in  strong  yeast  cells  produced  on  sweet,  juicy 
fruits."  He  describes  saccharomycetes  as  "single  cell  fungi  in  which 
vegetative  increase  takes  place  by  budding  and  which  develop  endospores 
in  their  interior  under  certain  conditions;  sometimes  they  may  form 
typical  mycelium.  The  various  related  species  are  grouped  according 
to  their  action  on  various  sugars." 

In  a  careful  comparative  study  of  other  known  cells,  together  with  the 
yeast  plants,  Mutchler  came  to  the  following  conclusions  which  he 
thought  justifiable:  (1)  Yeast-cells  contain  structural  elements  that 
are  homologous  with  the  structural  elements  of  the  cells  of  higher  plants 
and  with  the  known  structural  elements  of  animal  cells  and  with  the 
structural  elements  of  the  bacteria  and  the  cyanophyceae  as  worked  out 
by  Butchle  and  also  by  Kumbler.  (2)  The  structural  elements  consist 
of  four  definite  regions,  are  found  in  both  mature  cells  and  in 
the  growing  buds  and  correspond  to  what  is  well  known  in  the  higher 
plants  and  in  animal  cells  as  cytoplasm,  nuclear  membrane,  nucleus  and 
nucleolus.  The  structural  elements  may  be  demonstrated  clearly  by  the 
four  methods  of  differential  staining  discussed  by  him  and  are  to  b* 
found  in  every  yeast  cell.  Emerson20  says  that  as  the  presence  in  th\ 
sputum  of  certain  pathogenic  yeasts  cannot  be  denied,  in  doubtful  cases 
they  should  be  looked  for  as  a  possible  explanation  of  anomalous  lung 
conditions.  Hektoen  suggests  further  careful  study  of  new  cases  both 
clinically  and  anatomically,  and  further  observations  in  regard  to  the 
blood,  especially  to  the  number  of  leukocytes  and  differential  counts. 
B.  F.  Davis21  of  Chicago  has  given  valuable  information  in  immunological 
reactions  of  oidiomveosis. 


18.  Hektoen,  Ludvig:    Jour.  Am.  Med.  Assn.,   1907,  xlix,  1071. 

19.  Klocker:     "Fermentation    organisms,"    1903.    English    translation    of    the 
German  edition,  p.  248. 

20.  Emerson,  Chas.  P.:   Clinical  Diagnosis,  1911. 

21.  Davis,  B.   F.:    Jour.  Infect.  Dis.,  1911,  viii,   190. 
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AUTHOB'8   obseevations   of   a   yeast 

During  more  than  two  years  of  clinical  laboratory  work  in  Ppmona 
I  have  encountered  a  yeast  in  fifteen  individuals  s<  m  to  nie  for  laboratory 
diagnosis.  This  organism  1  first  discovered  in  a  vaginal  discharge.  Four 
months  later  I  found  similar  organisms  in  the  sputum  of  a  child  said  to 
have  tuberculosis,  and  again  in  a  culture  from  the  tonsil  membrane  of 
a  child  supposed  to  be  suffering  from  diphtheria.  The  fourth  time  I 
encountered  this  fungus  was  in  the  sputum  of  a  patient  with  a  pulmonary 
lesion  resembling  lobar  pneumonia  in  the  early  stage  of  resolution.  In 
this  case  repeated  examinations  of  the  sputum  failed  to  reveal  any  tubercle 
bacilli  and  the  tuberculin  test  was  negative.  To  ascertain  what  was 
causing  the  symptoms  I  made  cultures  from  the  sputum  and  each  time 
got  a  pure  growth  of  an  organism  which  1  identified  as  a  saccharonn 
and  which  gave  the  same  results  culturally  and  with  animal  experimenta- 
tion as  did  the  fungus  found  in  the  vaginal  discharge  in  the  first  i 

Alter  the  above  experit  oce  I  made  a  routine  practice  of  washing  and 
examining  culturally  all  sputa  sent  to  the  laboratory  in  which,  after 
repeated  examinations.  I  found  no  tubercle  bacilli.  As  a  result  I  have 
discovered  a  yeast  organism  in  a  number  of  other  patients  which  corre- 
sponds morphologically  and  culturally  to  those  found  in  the  preceding 

-.  At  times  the  organism  was  found  in  pure  culture,  again  in  con- 
nection with  a  staphylococcia  or  Micrococcus  catarrhalis,  and  twice  it  was 
found  mixed  with  tubercle  bacilli,  hut  in  all  cases  the  morphological  and 
cultural  characteristics  were  identical,  and  animal  experiments  with  the 
strains  tested  gave  the  same  results. 

Morphology. — This  organism   resembles  the  Saccharonn/ces  cerevisia 

both  culturally  and  morphologically,  but  the  latter  on  all  culture  media 

growc  less  profusely  and  i-  less  spherical.     If  is  about  the  size  of  a 

blood-corpuscle,  possesses  a  double-contoured  capsule  and  contains 

'granules  and  refractile  bodies  like  fat  or  vacuoles,     old  cultures  Bhow 

oing  of  granules  and  extension  of  vacuoles,  and  numerous  empty 

isules.     It  grows  by  budding  and  possesses  a  nucleus  which  can 
demonstrated  by  Bpecial  staining.     In  one  old  culture  there  was  a  Blight 
tendency  to  form  threads.     I  have  found  do  endospores  but  have  c 

special  cultures  for  Bpore  format  ion. 

Staining  Properties.     In  smeare   from  cultures  this  organism  Btains 

:  with  all  ordinary  dyes.  It  is  Gram  positive.  It  i-  not  acid  fast. 
Direcl  Bmears  from  pus  or  thin  Bputum  are  best  treated  with  Wright's 

od  -tain,  which  colore  the  pus  cdl-  a  pinkish  purple  and  the  y< 
organisms  a  dark  blue,  while  the  red  blood-celle  are  a  brick  red.     For 
staining  the  nucleus  I  have  "->'<\  •'■  and  Leblanc's  modification  o\' 

Mueller^  method  a-  \]-<<}  by  brewers,  the  technic  of  which  is  given  in 
■•K  entation  Organisms."     This  requires  four  days  hut   i- 
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excellent  for  differential  purposes.  It  stains  the  nucleus  a  dark  red  and 
the  cytoplasm  a  pale  pink. 

Cultural  Characteristics. — On  glucose  and  glycerin-agar  slants  there 
is  a  profuse  creamy  growth  at  37  C.  in  twelve  to  twenty-four  hours.  On 
potato  slants  but  a  slight  film  in  the  same  length  of  time.  It  turns 
litmus  milk  a  full  creamy  white  in  twenty-four  hours  with  formation  of 
a  soft  curd.  It  grows  vigorously  on  both  plain  and  glucose  bouillon, 
forming  a  heavy  sediment  in  the  bottom  of  the  tubes,  and  in  the  latter 
the  appearance  of  foam  on  shaking.  There  is  a  profuse  growth  on  both 
plum  and  grape  decoctions  but  no  foam  on  shaking  the  tubes.  It  does 
not  liquefy  gelatin,  but  growth  appears  along  the  line  of  the  stab  with 
roseate  formation  at  the  top.  Agar  plates  reveal  white  moist  points  in 
twenty-four  hours.  On  all  culture  media  there  is  but  slight  growth  at 
room  temperature.  The  minimum  temperature  for  visible  growth  of  this 
organism  is  18  C.  and  the  maximum  temperature  is  69  C.  It  is  devital- 
ized at  71  C.  for  one  hour.  Two-year-old  cultures  which  were  quite  dry 
were  moistened  with  salt  solution,  and  from  them  fresh  culture  media 
inoculated.  A  fairly  vigorous  growth  resulted.  Glucose  is  fermented, 
giving  rise  to  alcohol  and  carbon  dioxid.     Growth   occurs  in  lactose, 

CO  ? 

dextrose,  raffinose,  inulin  and  mannite  in  2  per  cent,  solution,  though 
there  is  no  evidence  of  fermentation.  On  all  culture  media  this  organism 
gives  rise  to  the  characteristic  odor  of  yeast.  Plates  continually  exposed 
in  the  laboratory  reveal  no  growth  of  this  fungus. 

Animal  Experiments. — This  organism  is  pathogenic  for  rabbits,  white 
rats,  guinea-pigs  and  monkeys.  Subcutaneous  injections  produce  slowly 
developing  septic  conditions  from  which  the  animals  tend  to  recover  if 
not  injected  too  often.  Intraperitoneal  injections  produce  in  guinea-pigs 
and  white  rats  a  rapidly  fatal  septicemia ;  in  rabbits  and  monkeys  within 
a  few  weeks  rapid  loss  of  weight  and  more  slowly  developing  septicemia. 
In  all  animals  within  a  few  hours  after  intraperitoneal  injections  there  is 
rapid  breathing, ,  high  temperature  and  some  leukocytosis  with  slight 
increase  of  mononuclear  cells.  Autopsies  without  exception  reveal  grayish 
miliary  tubercles  thickly  studding  all  internal  organs,  and  peritoneal  and 
pericardial  surfaces.  Sections  of  these  tubercles  show  masses  of  the  yeast- 
cells,  surrounded  by  leukocytes,  mostly  polynuclears.  The  organism  was 
recovered  in  pure  culture  from  the  heart's  blood,  bile,  peritoneal  and 
pericardial  fluids  and  the  miliary  tubercles,  and  dir«§t  smears  showed 
full-grown  and  budding  yeast  cells. 

HISTORIES    OF    CASES    IX    WHICH    THE    ORGANISM    OCCURRED 

Case  1.— Physician,  Dr.  Huntington;  patient,  J.  H.,  aged  11.  The  patient  came 
under  observation  Dec.  4,  1909.  Four  months  previously  while  swinging  on  a 
rope  she  lost  her  hold  and  slid  down  to  the  knotted  end,  receiving  injuries  about 
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the  external  genitals.  When  first  seen  the  labia  were  red.  smooth,  shining  and 
sore,  small  whitish  patches  thickly  covering  the  parts.  These  lesions  which,  when 
first  Been,  were  confined  to  the  external  genitals,  later  invaded  the  vaginal  tract. 
The  whitish  patches  rapidly  coalesced  and  formed  a  clinging  membrane,  and  if  not 
treated  frequently  the  underlying  parts  became  highly  inflamed  and  very  sore. 
When  daily  treatments  were  given,  cultures  showed  feeble  growth;  but  if  three  or 
four  days  elapsed  between  treatments,  cultures  yielded  vigorous  growth.  From 
December,  190!).  until  March.  1910,  daily  and  often  twice  daily  treatments  were 
given.  From  March  until  July  laboratory  examinations  were  continued  at  inter- 
vals, but  during  this  period  there  was  no  reappearance  of  the  patches,  or  growth  on 
culture  media,  although  the  parts  remained  red  and  shining.  In  July  tin' 
characteristic  whitish  patches  were  again  observed  on  the  intlamed  parts  and  a 
culture  taken  revealed  a  profuse  growth  of  the  yeast  in  twelve  hours.  It  was  a 
problem  to  find  a  solution  of  anything  strong  enough  to  affect  the  growth  without 
irritating  the  mucous  membrane.  Weak  solutions  of  mercury  chlorid,  copper  sul- 
phate, ichthyol  and  boric  acid  all  caused  pain.  Various  powders  proved  inefficient. 
Cleaning  the  parts  with  sterile  water,  using  gentle  friction,  gave  best  results. 
Douching  the  parts  with  sterile  water  without  friction  had  no  effect.  The  patient 
had  little  systemic  affection.  The  cervical  glands  were  slightly  enlarged,  but 
there  was  no  elevation  of  temperature;  the  patient  gained  in  weight  during  the 
treatments.  Late  in  July  the  family  removed  to  Oregon  and  two  months  later 
the  father  of  the  child  reported  that  there  was  no  further  trouble. 

CASE  2. — Physician,  Dr.  Toland;  patient,  a  4-year-old  son  of  Mrs.  T.  The 
mother  in  April.  1910,  consulted  Dr.  Toland  about  the  child,  who  was  coughing 
excessively.  This  case  had  been  pronounced  tuberculosis  by  her  former  physician. 
In  the  sputum  sent  to  the  laboratory  for  examination  I  found  a  yeast,  but  no 
tubercle  bacilli.  The  mother  left  town  soon  afterward  and  the  child  was  not 
heard  from  again  until  December,  1911.  The  cough  was  still  present,  but  the 
child  had  improved  physically. 

(ask  3. —  Physician,  Dr.  Toland;  patient,  W.  M.  S.,  business  man.  aged  36. 
The  patient  came  under  notice  in  1910  with  pharyngitis.  He  had  lost  in  weigh! 
slightly  and  feared  tuberculosis.  The  tuberculin  test  was  negative;  repeated 
examinations  of  sputum  covering  a  period  of  several  months  failed  to  reveal 
tubercle  bacilli.  Cultures  from  Bputum  yielded  pure  growth  of  a  yeast.  The 
cough  continued  to  be  troublesome  for  mure  than  a  year  but  by  November,  1911, 
it  bad  entirely  disappeared. 

(am:  i. — Physician,  Dr.  Savage;  patient,  a  girl  of  10  year-,  with  a  history  of 
chronic  enlargement  <>f  the  tonsils  for  two  years,  which,  when  firsl  Been,  were 
soft  and  boggy,  associated  with  acute  inflammation  <>f  the  entire  throat,  and 
dense  Bellow  patches  confined  to  the  tonsils.  Prom  a  detached  piece  of  membrane 
,,.nt  to  the  laboratory  a  culture  revealed  a  vigorous  growth  of  a  yeasl  but  iu> 
rUebs-LSffier  bacilli.  While  waiting  for  the  laboratory  diagnosis  antitoxin  waa. 
given,  but  the  membrane  continued  to  form  and  three  weeks  later  intubation  was 
performed.    The  child  made  a  good  recovery. 

Case  •">. —  Physician,  Dr.  Bwindt;  patient,  Mr.  ll.  V.  B.,  aged  56,  a  rancher. 
This  patient  wax  firsl  seen  in  dun.'.  1910.  Two  weeks  before  coming  under  notice 
he  had  a  severe  "cold"  and  cough,  with  viscid,  blood-streaked  sputum.  At  the 
time  of  entrance  to  the  hospital  he  had  chills,  Bweats  and  a  temperature  of  102  F. 
At  the  base  of  the  left  lung  were  detected  signs  of  lobar  pneumonia  undergoing 
resolution.  The  blood  and  urine  were  normal.  The  tuberculin  teal  was  negative, 
and  frequent  examinations  of  the  Bputum  revealed  no  tubercle  bacilli,  but  cultures 
from  ih"  sputum  resulted  in  a  pure  growth  of  .•«  yeast.  Large  doses  of  sodium 
iodid  were  given  and  within  two  week,  the  pulmonary  symptoms  had  entirely  dis- 
appeared. Phlebitis  of  the  left  leg  occurred  while  in  the  hospital,  and  la-ted  for 
about  thn  The  patient  reported,  dan.  16,  1912,  that  there  was  no  cough 

or  othei  pulmonary  Bymptoms.    The  left  leg  -wiled  some  when  he  worked  hard. 
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Case  G. — Patient,  M.  H.,  servant  girl,  aged  22.  This  patient  was  sent  directly 
to  the  laboratory  for  a  sputum  examination  by  her  employer,  on  account  of  a  con- 
stant cough.  She  had  come  to  California  during  the  early  summer  on  account  of 
"catarrh."  Her  general  health  improved  but  the  cough  persisted.  Repeated 
examinations  of  sputum  failed  to  reveal  tubercle  bacilli.  The  tuberculin  test  was 
negative  and  the  blood  was  normal.  Cultures  from  the  sputum  yielded  an  almost 
pure  growth  of  a  yeast.  Her  employer  advised  her  to  seek  another  position  and 
she  took  service  in  a  mountain  resort,  but  the  high  altitude  did  not  agree  with 
her  and  she  went  to  Long  Beach.  Information  from  her  first  employer  in  Novem- 
ber, 1911,  was  that  she  had  entirely  recovered. 

Case  7. — Physician,  Dr.  Browning;  patient,  Mrs.  E.  D.  C,  aged  35,  married. 
The  patient  came  from  Idaho  to  southern  California  on  account  of  persistent 
cough  which  dated  from  an  attack  of  bronchitis  in  March,  1910,  from  which  time 
she  complained  of  a  pressure  over  the  chest  and  a  difficulty  in  breathing.  She  had 
a  loose  paroxysmal  cough  with  a  profuse  mucopurulent  expectoration  which  was 
discharged  after  violent  effort.  There  was  a  moderate  degree  of  emaciation. 
Temperature  was  99  F.,  pulse  100.  The  appetite  was  good  and  the  digestion  fair. 
The  right  side  of  the  chest  was  normal,  with  dulness  over  entire  left  chest  and 
especially  pronounced  over  the  third  rib.  Sputum  examinations  at  intervals  of 
from  two  to  four  days  from  January  until  May,  1911,  failed  to  reveal  tubercle 
bacilli.  The  tuberculin  test  was  negative.  Frequent  cultures  fiom  the  sputum 
always  yielded  a  pure  growth  of  a  yeast  and  in  a  blood  culture  (bouillon)  the 
same  organism  was  found.  Autobacterins  of  the  yeast  were  given  at  seven-day 
intervals  for  six  weeks,  also  various  preparations  of  the  iodids.  The  patient  gained 
in  weight  and  improved  markedly,  and  in  cultures  from  the  sputum  the  growth 
of  the  yeast  organism  gradually  disappeared.  April  23  she  took  a  long  auto  ride, 
during  which  she  became  overtired  and  thoroughly  chilled.  This  resulted  in  an 
elevation  of  temperature  (104  F.)  and  great  prostration,  and  thereafter  tubercle 
bacilli  were  observed  in  every  specimen  of  sputum  examined.  As  soon  as  the 
patient  was  able  to  travel  again  she  went  east  and  died  six  months  later. 

Case  8. — Physician,  Dr.  Davis;  patient,  Miss  V.  H.,  aged  19,  a  student.  In 
June,  1909,  this  patient  came  under  observation  with  a  laryngitis  which  did  not 
yield  to  treatment.  Examination  of  the  lungs  revealed  a  small  area  of  infiltration, 
in  which  occasional  moist  rales  were  heard,  just  external  to  left  sternoclavicular 
articulation.  The  morning  temperature  ranged  from  96.6  F.  to  100.2  F.  After- 
noon temperature  ranged  from  101  F.  to  104  F.  There  was  a  troublesome  cough 
and  a  profuse  expectoration;  also  gradual  loss  of  weight  and  night  sweats.  In 
November,  1909,  a  sputum  examination  revealed  tubercle  bacilli  mixed  with  pus 
organisms.  Tuberculin  was  not  given  until  December,  1910,  from  which  time 
this  treatment  was  continued  until  March,  1911,  but  the  temperature  remained 
high  and  the  patient  was  losing  ground.  At  this  time  the  sputum  was  sent  to  my 
laboratory  with  a  view  of  having  an  autobacterin  prepared  for  the  mixed  infec- 
tion. Sputum  examinations  revealed  very  few  tubercle  bacilli.  Cultures  revealed 
a  luxuriant  growth  of  a  yeast,  with  Staphylococcus  aureus.  The  tuberculin  was 
discontinued  and  an  autobacterin  of  the  yeast  organism  given  every  seven  days 
for  six  weeks.  The  afternoon  temperature  gradually  but  steadily  decreased  but 
never  at  any  time  became  normal.  During  the  same  time  the  yeast  growth 
decreased  until  there  was  scarcely  anything  visible  on  culture  media  in  twenty- 
four  hours.  The  patient's  general  health,  however,  did  not  improve  and  she  died 
May  29,  1911.     There  was  no  autopsy. 

Case  9. — Patient,  Miss  V.  R.,  school  girl,  aged  16.  This  patient  was  almost 
a  constant  companion  of  the  16-year-old  daughter  of  the  patient,  Case  7.  She 
was  sent  directly  to  the  laboratory  by  her  mother  for  a  sputum  examination 
because  of  a  constant,  distressing  cough.  A  sputum  examination  revealed  no 
tubercle  bacilli  and  the  tuberculin  test  was  negative.  In  a  culture  from  the 
sputum  pure  growth  of  a  yeast  resulted.  Potassium  iodid,  10  grains  three  times 
daily,  caused  the  cough  to  disappear  entirely  within  a  few  weeks. 
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I  ASE  10. — Patient..  Mrs.  E.,  seamstress,  aged  51.  mother  of  patient  Ca3e  9, 
developed  a  cough  soon  after  the  daughter.     All  of  the  findings  were  exactl 
in   rase  9,  but  the  cough  was  more  persistent  and  she  was  abliged  to  keep  up 
the  iodids  longer  and  in  much  larger  doses.     Eight  months  later  both  patients 
were  entirely  well. 

Case  il. — Physician.  Dr.  Swindt:  patient.  Mr.  ('.  If.  A.,  clerk,  aged  55.  This 
patient  had  a  chronic  bronchitis  for  thirty  years,  but  his  general  health  was 
good  up  to  five  years  previous  to  examination.  During  the  previous  five  y 
he  had  occasional  fever  and  frequent  attacks  of  hemoptysis,  but  never  any  marked 
loss  of  weight.  He  had  profuse  fetid  expectorations  for  the  previous  four  years. 
There  were  signs  of  chronic  bronchitis  in  both  lungs.  The  fetor  disappeared  under 
sodium  iodid,  and  creosote  reduced  the  amount  of  expectoration.  In  April.  1911, 
a  blood  examination  was  negative,  a  tuberculin  test  negative  and  there  were  no 
tubercle  bacilli  found.  A  culture  from  the  sputum  revealed  a  yea^t  with  Staphylo- 
coccus alius.  An  autobacterin  of  the  >  ••:!  - 1  organism  caused  an  exacerbation  of 
symptoms  which  alarmed  the  patient  and  the  dose  was  not  repeated.  Patient 
went  east  in  May  of  the  same  year.  A  few  months  later  he  reported  that  he  wa- 
taking  staphylococcus-vaccine  (stock)  without  improvement.  This  patient  had 
frequent  sputum  examinations  during  the  past  live  year-;  and  tubercle  bacilli  were 
never  found.     An  unidentified  organi-m.  however,  had  been  reported  once-. 

Case  12. — Physician.  Dr.  Swindt:  patient.  Mrs.  J.  B.  P..  aged  G7.  This 
patient  had  chronic  cough  for  many  years.  During  the  previous  four  years  she 
Buffered  greatly  from  paroxysms  resembling  pertussis.  Her  general  health  was 
good.  Both  lungs  showed  signs  of  moderate  bronchitis.  No  tubercle  bacilli,  but 
pure  culture  of  a  yeast  from  the  sputum.  The  paroxysms  were  completely  relieved 
and  the  cough  reduced  to  a  minimum  in  about  three  weeks  by  the  use  of  sodium 
iodid  in  large  doses. 

Case  13. — Physician.  Dr.  Garcelon;  patient,  W.  S.,  aged  47.  This  patient 
was  in  tli"  hospital  with  typhoid  fever,  and  in  a  culture  from  the  feces,  in  con- 
nection with  the  typhoid  bacilli,  a  yeast  was  found.  The  patient  died  aft' 
two  months9  illness.  No  autopsy.  As  this  yeasl  organism  resembled  all  of  the 
preceding  ones  morphologically  and  culturally,  animal  experiments  were  under- 
taken with  it.  and  the  same  results  obtained  as  in  the  previous  cases.  It 
also  identified  a-  a  <accharomycete. 

•  V8E  14. — Physicians,  Dr.  Buntington,  Dr.  Swindt;  patient,  Mi--  I..  T.,  aged 
35.  The  patient  came  under  observation  in  November,  1910.  She  had  had 
arthritis  deformans  for  ten  years  and  the  Bpine  and  large  joints  were  stiff.  Four 
years  previously  Bhe  had  appendicitis,  but  no  operation.  Three  years  previously 
Bhe  bad  pleurisy  with  effusion,  followed  by  empyema  and  evacuation  through  the 

left  bronchus,    since  then  then'  had  I a  ■■<  constant,  profuse  expectoration.     At 

intervals  of  three  to  eight  weeks  there  would  be  an  enormous  increase  of  this 
expectoration,  when,  in  a  Bhort  time,  from  I  t"  3  pint-  of  stinking  pus  would, 
evacuate  through  the  bronchus,  pouring  through  'nose  and  mouth  and  almost 
strangling  tie-  patient.  'In  February,  1911,  a  sputum  examination  revealed  no 
tubercle  bacilli,  bul  a  culture  showed  a  yeast,  together  with  Staphylococcus  albua 
and  i/.  catarrhaUs.  Nov.  7.  1911,  a  sputum* examination  gave  the  Bame  results 
:>-   )'n   months   previously,  bul    with  an  oi    the  yeasl   organism,      i 

tuberculin  teal  was  negative;  there  was  some  leukocytosis  with  B2  per  cent,  polj 
nuclears.    The  temperature  ranged  from  subnormal  to  103  I'.-,  pulse  from  90  to 
120;  respiration  from  Is  to  26.     \  radiograph  showed  ■■<  shadow  on  the  lefi 
below  the  clavicle.     November  11   the  seventh  and  eighth  ril>-  on  the  left   side 
were  resected  and  over  8  pints  of  pus  removed.    The  lung  was  found  in  s  small, 
contracted  mass  high  up  in  the  cavity,  with  apparent  communication  with  the 
bronchus.    The  condition  of  the  patient  did  nol  permit  of  decortication.    The  <■ 
disappeared  and  the  general  condition  immensely  improved  following  the  evacua 
tion  of  pus.    in  smears  from  the  pus  from  the  wound  yeast  organisms  were  found. 
Culture  from   the   pus    revealed   yeast    organisms   in   almost    pure  growth. 
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agglutination  test  of  the  yeast  with  this  patient's  serum,  1-40  and  1-5(7,  was 
strongly  positive,  while  controls  were  negative.  An  extract  of  yeast  made  for 
me  in  the  Cutter  Laboratory,  Berkeley,  according  to  the  technic  for  Koch's  old 
tuberculin,  proved  slightly  positive  in  a  skin  test,  controls  negative.  Autobac- 
terins  of  the  yeast  were  begun  a  few  weeks  after  the  patient  left  the  hospital  and 
her  improvement  has  been  uninterrupted. 

Case  15. — Physician,  Dr.  Kelly.  The  patient,  Miss  A.  C,  aged  15,  school  girl, 
had  always  been  subject  to  "colds."  She  came  under  notice  in  December,  1911, 
with  a  severe  cough.  The  mother  of  the  child  said  that  cough  and  expectoration 
had  been  continuous  for  the  previous  three  months.  There  was  some  loss  of 
weight  and  some  anemia.  The  temperature  was  99  F.,  pulse  90;  blood  examination 
showed  hemoglobin  50  per  cent.,  red  blood-cells  80  per  cent.,  no  leukocytosis,  poly- 
nuclears  83  per  cent.:  tuberculin  test  negative.  An  examination  of  the  sputum 
every  day  for  two  weeks  revealed  no  tubercle  bacilli.  A  culture  from  the  sputum 
showed  a  vigorous  growth  of  a  yeast  with  Staphylococcus  aureus.  An  agglutina- 
tion test  with  the  yeast  was  slightly  positive,  controls  negative.  The  patient 
refused  to  have  a  skin  test  with  the  yeast  extract.  Large  doses  of  sodium  iodid 
were  given. 

The  above  histories  are  not  complete,  but  abstracts  as  given  me  by 
the  physicians  in  whose  service  they  occurred. 

NOTES    OX    CASES 

In  few  of  the  cases  herein  cited  have  we  had  opportunity  for  careful 
clinical  study.  Only  two  of  the  patients  were  in  the  hospital  at  all  and 
then  for  only  a  short  time.  The  organisms  from  Cases  1,  4,  5,  7,  8,  13, 
14  and  15  were  employed  in  animal  experiments  with  practically  the  same 
results.  In  Case  1  we  were  not  allowed  to  make  a  skin  test  or  blood 
examinations,  but  the  clinical  picture  was  observed  closely.  In  taking 
smears  or  cultures  here,  the  parts  were  always  cleansed  first  with  sterile 
water.  It  was  significant  that  with  the  disappearance  of  the  yeast  fungus 
in  this  case  the  trouble  disappeared  entirely.  Case  2  we  had  on  oppor- 
tunity of  observing.  Case  4  suggests  cases  cited  by  Hickey  and  Steinhaus 
in  the  literature,  inasmuch  as  a  tenacious  membrane  formed  and 
reformed,  and  that  there  was  an  absence  of  the  Klebs-Loffler  bacillus. 
As  Case  5  was  in  the  hospital  I  made  frequent  blood  and  sputum 
examinations,  but  at  that  time  had  not  begun  making  the  skin  and  agglu- 
tination tests  with  the  yeast.  However,  the  absence  of  any  organism 
except  this  fungus  suggested  the  iodids.  There  was  no  opportunity  to 
observe  Case  6  after  the  laboratory  analysis  and  it  was  only  through  the 
kindness  of  her  first  employer  that  we  learned  of  her  present  condition. 
In  Cases  7  and  8  tubercle  bacilli  were  found  mixed  with  the  yeast  organ- 
isms, but  it  would  seem  to  be  a  secondary  invader  in  the  former,  while 
probably  in  the  latter  the  tuberculous  infection  was  primary.  Both  of 
these  patients  died,  but  as  there  was  no  autopsy  in  either  case,  there  can 
be  no  definite  knowledge  regarding  this.  It  is,  however,  significant  that 
both  of  these  patients  were  benefited  by  autobacterins  and  iodids.  The 
facts  in  Cases  9  and  10  suggest  that  this  organism  may  be  transferred 
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from  one  person  to  another.  The  suspension  of  yeast  organisms  prepared 
for  Case  11  was  kept  at  a  temperature  of  70  C.  for  one  hour,  as  the 
previous  ones  for  Cases  7  and  8  had  been,  ami  as  a  twenty-four-hour 
culture  taken  from  this  emulsion  was  sterile,  the  dose  was  then  given. 
After  forty-eight  hours,  however,  the  culture  tube  revealed  a  slight  growth 
of  yeast.  This  undoubtedly  accounted  for  the  exacerbation  of  his 
symptoms. 

Case  12  was  remarkable  in  that  it  was  an  unmixed  infection  of  yeast, 
and  that  it  was  so  quickly  and  entirely  relieved  by  the  iodids.  Case  13 
was  not  observed  with  regard  to  the  yeast  organism  found.  We  isolated 
and  identified  it  simply  because  it  resembled  the  organisms  previously 
identified  as  saccharomycetes.  We  had  more  opportunity  for  careful 
study  of  Case  14,  and  the  observations  were  fairly  satisfactory.  The  very 
positive  agglutination  test,  the  slightly  positive  skin  reaction,  together 
with  the  occurrence  of  the  same  organism  in  the  pus  from  the  wound  that 
I  had  previously  and  repeatedly  found  in  the  sputum,  are  suggestive  of 
the  pathogenicity  of  the  saccharomycete  in  this  case.  Case  15  had  only 
begun  to  improve  with  the  iodids  when  she  began  taking  a  patent  medi- 
cine and  was  lost  sight  of.  In  all  of  these  cases  the  physician-  have 
remarked  the  unusual  fetor  and  viscid  character  of  the  sputum  and 
repeated  attacks  of  "colds.*' 

The  examination  of  the  sputum  requires  some  care.  It  should  be 
washed  in  normal  or  tenth-normal  sodium  or  potassium  hydrate,  and 
cultures  made  from  the  parts  resembling  pus.  Smears  should  be  treated 
as  described  above.  If  the  sputum  is  to  be  examined  unstained  it  should 
be  covered  with  a  normal  solution  of  sodium  or  potassium  hydrate,  and 
allowed  to  stand  for  at  least  thirty  minutes  to  dissolve  the  mucus.  The 
yeast  cells  being  resistant  to  the  action  of  the  alkali  can  easily  be  found 
and  are  not  confused  with  red  blood-cells. 

This  report  leave-  much  to  be  desired  in  the  way  of  clinical 
observation  of  cases,  and  autopsy  records  in  cases  of  death:  also  blood 

tninations,  especially  in  cases  in  which  the  saccharomycete  is  the  only 

oriTM ii i- tn  found.  The  complement  deviation  tesl  Bhould  also  he  made 
in  connection   with  the  agglutination  and  skin  tests.     Animals  should  he 

Immunized  and  agglutination  tests  made-  with  their  sera. 

hive  other  patients  arc  >\\\\   under  observation    in   whom   a  yeasl    ha< 

been  found.  One  is  a  child  aged  i'j  years  with  repeated  attacks  of 
bronchitis  followed  by  asthma.  It  has  been  impossible  thus  far  to  Becure 
;i  satisfactory  specimen  of  Bputum,  as  Bhe  Bwallows  it.  hut  a  yeasi  has 

□    found   in   a  blood  culture   (agar  plate),  also   in   a  culture  from   the 

-  tluring  one  of  her  attacks  <>i  bronchitis,  and  her  Berum  agglutinates 

the  yeast   organism.      A   skin   tesl    has    not   y.  t    1 .. «  n   made.      An   old   lady 

! 9  has  had  ulcers  on  parious  parte  of  her  body  foT  eighi  months  past. 
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Yeast  cells  were  found  in  the  pus  from  one  of  these  ulcers  and  could 
easily  be  recognized  both  in  unstained  and  stained  specimens.  The 
remaining  three  patients  have  a  severe  cough,  and  a  prominent  feature  is 
the  profuse  fetid  expectoration  and  the  frequent  attacks  of  "cold.'*'  We 
are  hoping  for  something  more  definite  from  the  study  of  these  cases. 

SUMMARY 

A  yeast  which  has  been  identified  as  a  saccharomycete  has  been 
observed  in  the  sputum  of  a  number  of  patients  with  anomalous  lung 
conditions,  also  in  a  tonsil  membrane,  a  vaginal  discharge  and  in  pus 
from  a  skin  abscess.  It  was  mixed  with  other  organisms  in  most  cases, 
but  has  been  found  as  the  only  apparent  cause  of  infection  in  a  few 
patients  in  whom  disappearance  of  the  organism  has  been  followed  by 
alleviation  and  disappearance  of  the  symptoms. 

Autobacterins  made  from  this  yeast  organism  have  seemed  to  cause 
some  improvement  in  three  cases  and  an  exacerbation  of  symptoms  in  one. 

The  most  benefit  has  been  derived  from  the  use  of  the  iodids  in  large 
doses.  An  extract  prepared  from  this  saccharomycete  gave  a  slight  reac- 
tion in  a  skin  test  on  two  patients.  The  serum  of  four  patients  gave  a 
positive  agglutination  test  for  the  yeast. 

242  West  Holt  Avenue. 


NOTE    ON    -A    CASE    OF    PANCREATIC    DIABETES 
MELLITUS"   BY  HERMAN   0.   MOSENTHAL* 

GRAHAM  LUSK 

NEW    YORK 

This  report  by  Dr.  Mosenthal1  contains  a  point  which  is  not  brought 
out  in  the  description.     If  the  table  which  s  quantitative  urinary 

analysis  be  examined,  it  will  be  found  that,  on  those  days  in  which 
protein  and  fat  were  given  t"  the  diabetic  individual  and  carbohydn 
rigidly  excluded,  the  D:N  ratios  were  respectively  3.75,  3.85  and  o.44. 
Thus  on  May  1!».  with  a  total  excretion  of  '!",.">  gm.  of  nitrogen,  the  D:N 
ratio  was  3.75,  and  on  May  24,  with  a  total  excretion  of  nitrogen  of  11. S 
-in.,  the  D:N  ratio  was  3.85.  It  is  also  noticeable  that  the  ammonia 
excretion  remains  comparatively  low  on  these  days.  2.9  gm.  on  one  day 
a  ml  .0  gm.  on  the  other  day. 

These  conditions  are  very  like  those  in  the  case  reported  by  Mandel 
and  Lusk.2  At  the  time  of  their  investigation,  they  termed  the  ratio  :;.i;:> 
the  fatal  ratio,  a  condition  in  which  combustion  of  carbohydrates  is 
•  3sentially  impossible.  Since  clinicians  in  general  have  hesitated  about 
withdrawing  carbohydrate  completely  from  the  diet  of  diabetics,  there 
an-  few  cases  on  record  in  which  the  results  of  Mandel  and  Lusk  have 
been  confirmed.  It  appears,  however,  from  this  work  of  Dr.  Rosenthal, 
that,  if  thi  ammonia  excretion  remain-  low  —  which,  of  it-elf.  indicates 
that  the  acidosis  is  not  high  —  then  one  may.  during  a  short  period  at 
least,  withdraw  carbohydrate  completely  from  the  diet  and  determine  the 
D:N  ratio  without  injury  to  the  patient. 


i.    I  in    Aft  nm  S  I  vi.  Mi  i...  1912,  i\.  339. 

_'.  Deutsch.   Arch.   f.  klin.   Med.,   1904,   Ixxxi,    \~~.  For  further  information 

consull    Lusk,  -lour.  Am.  Met.   Assn.,   1904,  rim,  '-Ml.  and   L910,  lv.  2105;   Tm; 

Ai:<iii\i.-  [NT.  Med.,  1909,  iii.  1:  Science  of  Nutrition,  1909,  p.  299. 


PELLAGRA     IN     ILLINOIS 

COXDEXSED  REPORT  OF  THE  ILLIXOIS  PELLAGRA  COiMISSIOX  * 

In  this  report  the  results  of  the  various  investigations  which  have 
been  undertaken,  together  with  those  reported  to  this  Commission  by 
other  observers,  have  been  incorporated  in  one  article.  The  material  has 
been  to  some  extent  condensed  and  summarized  in  order  to  eliminate 
unnecessary  details,  which  can  be  found  by  those  interested  in  the  detailed 
report  made  to  the  Governor  of  Illinois.  This  detailed  report  will  be 
published  shortly  in  the  form  of  a  monograph  and  copies  sent  to  all 
important  libraries  in  tbe  United  States. 

At  this  point  we  wish  to  express  our  acknowledgments  to  those  who 
have  so  materially  helped  in  the  compilation  of  this  report  by  sending  us 
personal  communications.  They  include  Captains  J.  F.  Siler  and  H.  G. 
Nichols  of  the  United  States  Army,  detailed  by  the  courtesy  of  Surgeon- 
General  Wyman,  on  the  request  of  Governor  Charles  S.  Deneen,  to  study 
pellagra  in  Illinois;  Prof.  Stephen  A.  Forbes,  Entomologist  to  the  State 
of  Illinois;  Dr.  J.  F.  Waughof  Chicago;  Dr.  Arthur  D.  Hirschf elder  of 
Baltimore,  and  Dr.  Sidney  D.  Wilgus,  Superintendent  of  the  Kankakee 
State  Hospital.  We  would  also  especially  express  our  thanks  for  the 
unfailing  courtesy  and  assistance  of  Dr.  George  A.  Zeller,  Superintendent 
of  the  Peoria  State  Hospital,  without  which  we  should  have  been  sorely 
handicapped.  We  have  also  received  much  assistance  from  other  sources, 
and  would  mention  especially  Dr.  J.  T.  Eooks,  Mr.  A.  F.  Wussow,  Mrs. 
Josephine  (Kerr)  Allison,  Miss  Mattie  A.  York,  Dr.  L.  J.  Pollock  and 
Dr.  C.  E.  Smith,  who  have  performed  a  great  deal  of  the  detailed  work 
on  which  this  report  is  based. 

I.     CURREXT   VIEWS   OX   PELLAGRA 

There  is  no  need  in  this  report  to  enter  extensively  into  the  history 
and  geographical  distribution  of  pellagra,  since  many  excellent  treatises 
are  available.  The  disease  was  apparently  first  described  by  the  Spanish 
physician  Casal  in  1735,  although  this  was  not  published  until  after  his 
death  in  1762.  The  following  paragraph  quoted  from  the  monograph 
by  the  late  Dr.  J.  N.  Hyde  of  Chicago1  will  sufficiently  indicate  the  wide 
distribution  of  the  disease : 


*Dr.  Frank  Billings.  President.  Dr.  H   S.  Grindley. 

Dr.  J.  L.  Greene,  Vice-President.  Dr.  Howard  T.  Rieketts. 

Dr.  Oliver  S.  Ormsby,  Secretary.  Dr.  H.  Douglas  Singer. 

Dr.  George  W.  Webster.  Dr.  W.  J.  McNeal. 

1.  Hyde,  J.  X.:  Pellagra  and  Some  of  its  Problems,  Am.  Jour.  Med.  Be,  Jan. 
1910.  * 
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Frapoli.  of  Milan,  in  1771.  is  commonly  reported  as  first  to  have  piven  tlie 
name  to  tin  disease  by  which  to-day  it  i<  most  generally  known,  but  in  fact  he 
merely  reproduced  a  title  current  among  the  people  of  his  day:  "Morbus  vulgo. 
Pellagra."  In  the  long  list  of  authors  who  followed,  from  Stxambia,  Marzari, 
Alibert.  Raver  and  Raymond,  to  Lombroso.  Sandwith.  Babes  and  Sion.  and  Sir 
Patrick  Manson,  can  be  traced  the  progress  of  the  disease  in  Europe  from  Spain 
to  southern  France,  northern  and  central  Italy,  Corfu,  upper  Egypt  and  other 
parts  of  Africa.  Austria,  Bervia,  Bulgaria,  Roumania,  Asia  Minor.  India,  Mexico, 
Barbadoes.  and  portions  of  North  and  South  America. 

"With  regard  to  the  etiology  of  pellagra  numerous  views  have  been 
promulgated  and  it  is  well  to  say  that  the  members  of  this  commission 
entered  on  this  study  without  prejudice  or  preconceived  ideas  with  regard 
to  the  nature  of  the  disease  or  its  causation.  The  plans  on  which  the 
work  has  been  organized  have  been  aimed  towards  the  consideration  of 
all  the  manifold  theories  which  have  been  evolved  in  order,  if  possible, 
to  narrow  the  lines  of  research  into  some  more  or  less  definite  channel. 
The  great  drawback  of  most  of  the  work  which  has  so  far  been  carried 
out,  is  that  the  investigator  has  started  with  some  hastily-formed  hypoth- 
esis, based  on  coincidences  or  chance  observations  which  have  not  been 
submitted  to  careful  scientific  analysis.  He  has  then  been  only  too  willing 
to  see  and  insist  on  the  pellagrous  nature  of  the  most  variable  symptoms 
produced  in  lower  animals  as  the  result  of  experiments  founded  on  such 
hypothesis. 

One  of  the  best  critical  reviews  of  previous  work  on  pellagra  will  be 
found  in  the  Progn  be  Report  of  the  British  Commission  for  the  Investi- 
gation of  Pellagra,  by  Louis  W.  Sambon2;  especially  in  regard  to  the 
relation  with  maize.  Free  use  has  been  made  of  this  article  m  compiling 
the  following  stat<  ments. 

The  various  theories  which  have  obtained  may  be  subdivided  under 
two  main  headings:  (1)  Those  concerning  maize  or  Indian  corn;  (2) 
those  alleging  other  causative  agents.  The  Bnpporters  of  the  first  group 
are  commonly  known  as  zeists  and  of  the  second  as  antizeists. 

1.  Theories  which  allege  Bome  causative  relation  between  maize  and 
pellagra  have  been  most  widely  accepted,  but  are  gradually  losing  ground. 
They  have  b< en  and  still  an-  almost  universally  believed  in  Italy  where 
this  disease  ie  probably  more  prevalent  than  in  any  other  part  of  the 
world.  This  ig  largely  due  to  the  influence  of  Lombroso,  by  whom  it  was 
firmly  believed  and  widely  expounded,  with  the  result  that  the  Italian 

eminent  was  led  to  promulgate  laws  dealing  with  the  use  and  can 
Indian  com.     in  fad  Sambon  with  considerable  justice  points  oul  thai 
•      Italians  have  been  studying  corn  rather  than  pellagra. 

Various  authorities  differ  in   their  view-  ae   to   the  nature  of  the 
relationship  between  corn  and   pellagra.     These  views  may  1"'  briefly 
•  d  under  the  following  headinj 


2.  Jour.  Tropical  Sled,  and  Hyg.,  1910,  pp.  271,  282,  SOS  and  319. 
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(a)  According  to  Lussana,  Frua  and  others,  Indian  corn  is  deficient 
in  or  lacks  some  nutrient  principle  necessary  for  health,  and  pellagra 
results  from  a  diet  consisting  too  exclusively  of  maize. 

As  a  corollary  to  this  view  should  also  be  mentioned  other  conditions 
of  malnutrition.  Pellagra  is  unquestionably  a  disease  which  occurs  most 
frequently  among  the  poorer  and  less  well-fed  classes,  and  some  have 
regarded  it  as  the  direct  result  of  insufficient  food.  In  most  of  the 
different  theories  malnutrition  and  defective  hygiene  are  given  as  con- 
tributory factors. 

(b)  Corn  contains  some  toxic  substance  which,  in  individuals  who 
are  especially  susceptible  for  any  reason,  gives  rise  directly  to  pellagra. 

(c)  Maize  undergoes  some  form  of  decomposition,  as  the  result  of 
the  growth  of  bacteria,  in  the  intestine  of  certain  individuals.  The 
toxins  resulting  from  this  change  give  rise  to  pellagra. 

As  will  be  observed,  these  theories  deal  with  maize  which  is  healthy  in 
itself.  The  following  views  concern  maize  which  is  damaged  or  spoiled 
in  some  way : 

(d)  That  healthy  maize  is  innocuous,  but  that  at  some  stage  in  its 
preparation  for  consumption  either  in  the  ear,  when  stored  or  after  being 
cooked,  it  undergoes  decomposition  as  the  result  of  the  growth  of  certain 
fungi.  Various  molds  and  bacteria  have  been  isolated  and  incriminated 
by  different  authors;  e.  g.,  Penicilliuni  glaucum  (the  commonest  variety 
of  mold),  different  varieties  of  Aspergillus,  Sporisorium  maydis,  Ustilago 
maydis  (smut),  Bacterium  maydis,  Bacillus  pellagra",  etc.  It  is  supposed 
that  toxins  are  produced  in  this  process  of  decomposition  which,  when 
absorbed,  cause  pellagra. 

(e)  That  some  one  of  these  organisms,  which  are  commonly  found  on 
molded  or  spoiled  maize,  and  which  may  be  eaten  with  it,  directly 
invades  the  human  body  where  it  elaborates  toxins  causing  pellagra. 

2.  The  antizeist  views  regard  the  disease  as  a  specific  infection  of  the 
body  with  a  parasitic  organism  either  bacterial  or  protozoal  in  character. 

(a)  The  causative  agent  is  some  bacterium  of  unknown  nature  and 
habitat.  This  view  is  obviously  similar  to  that  given  under  1,  (e),  but 
differs  in  that  it  does  not  specify  any  relation  to  maize. 

(b)  An  infection  with  some  variety  of  ameba  or  other  protozoon.  The 
frequency  of  concomitant  amebiasis  in  pellagra  has  been  emphasized  by 
many  authors,  notably  Long  in  this  country.  Alessandrini,  in  Italy, 
claims  to  have  found  a  filarial  infection  of  certain  wells  in  pellagrous 
districts. 

(c)  That  the  disease  is  due  to  a  protozoal  infection  of  the  blood 
stream  in  much  the  same  manner  as  malaria  and  trypanosomiasis  (sleeping 
sickness).     These  views  are  all  based  on  supposed  resemblances  in  the 
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epidemiology,  endemicity,  seasonal  occurrence,  etc.,  to  these  disea-  - 
Some  authors  have  also  urged  in  support  of  this  view  the  results  of 
treatment.  Sambon,  who  is  one  of  the  chief  exponents  of  this  view,  noes 
to  the  length  of  incriminating  some  species  of  Simulium  (the  black-fly. 
Band-fly  or  Imll'alo  gnat)  as  being  the  agent  which  carries  the  organism 
and  by  biting  the  human  host  injects  the  protozoa  into  man.     It  should 

stated  thai  Sambon  formulated  this  hypothesis  even  to  the  naming  of 
the  carrier  as  the  result  of  comparative  reasoning  hefore  entering  on  his 
investigations.  The  hypothesis  is  attractive  and  plausible  in  many 
respect-,  but  so  far  lacks  much  more  evidence  that  simulia  are  the  carriers 
than  the  fact  thai  in  many  places  Bimulia  and  pellagra  are  found  in 
sunt'  locality. 

This  list  does  nol  exhaust  all  the  thories  which  have  been  propounded, 
but  it  covers  the  grounds  that  have  been  considered  in  the  work  carried 
out  by  this  ( Commission. 

II.    PELLAGB  i  IN 'I  DLINOIS 

Pellagra   was  lii-1    recognized  in  the  State  of  Illinois  at  the  I 
County  institution  al   Dunning  about  June,  1909.     The  diagnosis,  first 
made  by  Dr.  L.  J.   Pollock,  was  reported  to  Dr.  W.  A.   Evans,  Eei 
<  Ifficer  of  Chicago,  and  was  confirmed   at   his  request  hy    Passed   Asm. 
Surgeon    C.    II.    Lavinder  of  the    Public    Health   and   Marine-Hospital 
Service  in  July.    Shortly  afterwards  cases  were  recognized  at  the  Peoria 
state   Hospital  and  at   the   Elgin  and   Kankakee  State  hospitals.     The 
diagnosis  oner  made,  the  managing  officers  and  medical  staffs  at  Duni 
and  Peoria  were  able  to  recall  instances  of  exactly  similar  eruptions  in  the 
past  although  it  was  of  course  impossible  to  gather  any  figures  which 
could  give  any  idea  as  to  the  actual  Dumber  of  cases.    We  have  therefore 
thoughi  it  advisable  to  colled  only  those  cases  which  have  been  definitely 
diagnosed  Bince  July,  1909.     It  has  hern  also  thoughi  wise  to  exclude  all 

-  in  which  then  seemed  to  be  any  doubl  as  to  diagnosis,  although  this 
will  probably  resull  in  an  underestimate  of  the  actual  numbers.   Another 

;  which  will  also  tend  to  render  the  figures  -mailer  than  they  should 
be  is  thai  al  presenl  the  disease  is  -till  bu1  Utile  Known  by  the  profession* 
at  large,  and  there  are  undoubtedl}  cases  which  are  ool  recognized  both 
inside  and  outside  the  Btate  hospitals  fo.r  the  insane.  Many  attacks  an 
probably  ol  extremely  mild  character  and  are  doI  accompanied  by  any, 
or  but  the  mosl  transient,  ilional  symptoms  and  are  consequently 

ool  called  to  the  attention  of  medical  nun.  If  is  possible  also  thai  errors 
in  diagnosis  may  have  the  opposite  effeel  of  swelling  the  totals,  as  we 
have  seen  various  skin  diseases  which  have  be<  n  diagnosed  as  pellagra,  and 
until  the  medical  profession  becomes  better  acquainted  with  the  charac- 
featureE  of  the  disease  it  will  probablj  be  impossibh  data 

which  are  absolutelv  reliable. 
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With  regard  to  eases  occurring  outside  the  state  and  county  hospitals 
for  the  insane,  but  little  reliable  information  is  available.  We  have  been 
able  to  collect  a  few  cases,  mainly  through  the  kind  offices  of  Dr.  George 
A.  Zeller.  The  State  Board  of  Health  has  apparently  no  information 
on  the  subject. 

The  figures  for  the  number  of  cases  in  the  different  institutions, 
including  those  at  the  Cook  County  institutions  at  Dunning,  have  been 
furnished  by  the  superintendents  of  each  institution  with  the  exception 
of  Peoria,  where  they  are  the  result  of  data  furnished  by  Dr.  Zeller  and 
the  hospital  medical  staff,  by  Captains  Nichols  and  Siler  and  by  personal 
observations  at  frequent  intervals  by  the  members  of  this  Commission. 
During  the  height  of  the  pellagra  seasons  all  patients  who  have  previously 
had  attacks  of  the  disease  have  been  examined  for  evidences  of  recurrence 
and  on  several  occasions  all  patients  in  the  institution  have  been  inspected. 
Visits  have  also  been  made  to  suspects  and  others  at  the  Jacksonville, 
Anna,  Watertown  and  Elgin  state  hospitals. 

Table  1  presents  the  total  number  of  cases  occurring  in  the  three 
periods,  August,  1909,  to  January,  1910;  January,  1910,  to  January, 
1911,  and  Januan-,  1911,  to  Sept.  1,  1911,  in  so  far  as  we  have  been  able 
to  collect  them.  Eecurrent  attacks  in  individuals  recorded  as  pellagrins 
for  the  preceding  periods  are  not  included  a  second  time,  so  that  the 
figures  represent  the  actual  number  of  persons  attacked. 


Table  1. — Total  Number  of  Cases  of  Pellagra  Occurring  in  Illinois  Institutions  1909, 

1910  and  1911 


1909 

1910 

1911 

Total 

Case 

M 

F 

M 

F 

M 

F 

M 

F 

Total 

Deadf 

Mor- 
tality 

Anna  S.  H 

3 

0 

3 

0 

6 

0 

6 

2 

33.3 

Elgin  S.  H 

3 

7 

2 

2 

20 

4 

25 

13 

3S 

12 

31.6 

Jacksonville  S.  H. 

0 

0 

1 

0 

0 

0 

1 

0 

1 

0 

0.0 

Kankakee  S.  H 

0 

5 

0 

2 

*1 

*4 

1 

11 

12 

5 

41.7 

Peoria  S.  H 

73 

104 

*42 

*25 

5 

9 

120 

138 

258 

128 

49.6 

Watertown  S.  H 

0 

0 

0 

*1 

0 

2 

0 

3 

3 

o 

100.0 

Chester  S.  H 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Lincoln  S.  S.  &  C.  ... 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Dunning  C.  I.ff    .... 

14 

14 

18 

17 

6 

7 

38 

38 

76 

30 

39.5 

Cook  County  Hospital 

1 

o 

5 

0 

6 

2 

8 

6 

75.0 

Elsewhere   

1 

1 

2 

2 

3 

3 

6 

3 

50.0 

Totals    

90 

130 

68 

50 

42 

28 

200 

208 

408 

189 

46.3 

"One  was  admitted  to  the  hospital  with  the  disease  fully  developed.     See  Table  2. 

fWith  the  exception  of  those  for  Dunning  the  numbers  given  in  this  column  include  all 
deaths  in  pellagrins  whether  immediately  due  to  pellagra  or  not. 

ti'The  figures  furnished  to  the  Commission  for  each  year  were  totals  only.  It  was, 
however,  stated  that  the  sexes  were  equally  affected  and  hence  the  figures  given  for  each 
sex  have  been  estimated  by  dividing  the  total  by  two. 
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It  should  be  stated  that  at  most  of  the  institutions  there  have  been 
patients  not  included  in  the  figures  in  this  table,  presenting  some 
suspicious  appearances  not  sufficiently  definite  in  character  to  justify  a 
positive  diagnosis.  At  Peoria,  in  1909,  there  were  a  number  of  such  cases 
and  we  have  a  list  of  forty-nine  suspects  in  1910.  It  is  probable  that 
some  of  them  were  pellagrous,  whereas  others  certainly  were  not. 

In  Table  2  is  given  a  list  of  the  cases  outside  the  hospitals  for  the 
insane  concerning  which  we  have  been  able  to  obtain  definite  information. 
Dr.  Ormsby  has  kept  careful  watch  on  suspected  cases  at  the  Cook  County 
Hospital  and  the  diagnosis  has  been  confirmed  by  him  in  all  those 
instances  recorded  in  the  table.  For  the  sake  of  completeness  there  has 
also  been  added  to  this  table  a  list  of  the  cases  which  have  been  admitted 
to  the  hospitals  for  the  insane  with  the  disease  already  developed. 

Table  2. — Pellagba  Cases  Occurring  Outside  the  Hospitals  for  the  Insane 


Age 


30 
58 
44 
47 
40 
43 
50 
42 
37 
40 
60 
38 
40 
61 


Occupation 


Housewife 

Switchman 

Porter 

Laborer 

R.  R.  Agent 

Housework 

Liveryman 

Upholsterer 

Housewife 

Laborer 

Rag  picker 
Housewife 


Sex 


F 
M 
M 
II 
M 
F 
M 
M 
F 
M 
M 
F 
F 
M 


County 


Cook 

Cook 

Cook 

Cook 

Cook 

Cook 

Cook 

Cook 

Peoria 

Peoria 

Peoria 

Peoria 

Knox 

Vermilion 


Town 


Chicago 

Chicago 

(  liicago 

( Ihicago 

( Ihicago 

Chicago 

Chicago 

( Ihicago 

Peoria 

Peoria 

Peoria 

Peoria 

<  lalesburg 

Danville 


Hospital 


Cook 
Cook 
Cook 
Cook 
Cook 
Cook- 
Cook 
Cook 


County 
County 
County 
County 
County 
County 
County 
County 


Dispensary 

St.    Francis 


Physician 


S.  Kuh 
O.  S.  Ormsbv 
O.  S.  Ormsby 
W.  A.  Puaey 
O.  S.  Ormsby 
W.  A.  Posey 

0.  s.  Ormsby 

s.  i;.  Slaymaker 
J.   H.   Bacon 
•I.  H.  Bacon 

1.  II.  Bacon 
R.  L.  Green 
J.   II.  Bryant 

t '.  E.  Wilkinson 


i  ases  admitted  to  the  State  Hospitals  with  the  eruption  present. 


:•: 
54 
42 
57 
63 

None 

None 

Hous<  work 

R.  R.  Foreman 

M 
M 

F 
F 

M 
F 

Henderson 
Woodford 
Mason 

(irundy 
( '<>ok 
t  .n  mil 

Poor   farm 
Washburn 

Havana 

blazon 
( Ihicago 

R 
R 
R 

b 

Peoria  8.  H. 

Peoria    S.    II. 

Peoria   s.   II. 

Kankakee   S.    II. 
Kankakee   S.    II. 

Watertown  S.  M. 

R 

F 

F 

> 

F 

i; 

V 

City;  R,  Rural  or  small  town;   F.  Fatal;   R,  Recovered  from  this  attack. 

Case  6  i-  recorded  in  detail  in  the  section  on  clinical  and  pathological  studies.    (Case  l.  A.  I),  p.  159.) 
1  lived  in  Mississippi  but  no  attack-  bad  been  observed  while  there. 

9  and   10  were  sister  ami  brother.    Case  9  had  seven  attacks  in  seven  consecutive  year-;. 
Case   ii   bad  an  attack  also  in   1910  as  well  aa  in  1911. 
i  ase  ]•'!  had  removed  to  Galeeburg  from  Peoria  three  month-  before  the  onsel  of  symptoms  and  possibfl 

to  the  Peoria  group  of  cases,  although  no  previous  attack  was  known. 

Case    II    lived    In    Weal     Lebanon,    I  rol..    and    went     tO     Danville    for    medical     treatment.       He    dad     .!• 
.   1909,   1910  and   1911. 

I  ase  D.  8.,  recorded  in  detail,  in  full  report. 

i.  v..  r<  coi ded  in  detail,  p.  1 62. 
rhia  man  had  had  previous  attacks  in  the  Panama  Canal  Zone. 
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It  should  further  be  mentioned  that  we  have  heard  rumors  of  cases  in 
Canton,  Fulton  County,  and  also  in  Henderson,  Williamson  and  Rock 
Island  counties. 

The  statistics  relating  to  the  Peoria  State  Hospital  will  be  found  in 
Tables  3,  4,  5  and  6.  The  first  of  these  shows  the  average  age,  the  number 
of  cases  arising  in  each  decade  of  life  and  the  relative  numbers  affected 
of  the  two  sexes.  In  Chart  1  is  shown  a  curve  representing  the  month 
in  which  attacks  have  started.  The  date  of  onset  has  often  been  difficult 
to  fix  as  it  may  be  extremely  insidious  and  accompanied  by  but  few  or  no 
constitutional  symptoms.    The  patients  furthermore  do  not  complain  of 

Table  3. — Analysis  as  to  Age,  Etc. 


« 

Decade  of 

Life 

Sex 

60 

s 

C3  * 

93 

rt 

— 

0)     30 

5< 

T3 

c 

IS 

— 

a 

03 

■g 

< 

(N 

CO 

T 

lO 

— 

t- 

00 

OS 

S 

1*1 

r~* 

1909    

52.3 

7 

27  1 

40 

44 

42 

14 

3 

0 

73 

104 

177 

1910    

57.1 

1 

9   j 

10 

15 

20 

7 

3 

2 

42 

25 

67 

1911    

55.1 

0 

1 

3 

5 

3 

2 

0 

0 

5 

9 

14 

Total    

53.7 

8 

37 

53 

64 

65 

23 

6 

2 

120 

138 

258 

*  Youngest  22;  oldest  93.     Males  are  to  females  in  the  proportion  1:1.15. 
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$-0 

d 

\ 

7 
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r 
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10 

la 

a 

\ 

T» 

lj    4«j   Syr   Ocf    /V»r  Dw    7...    Tit     Af.r   rVr   'fry   7««  /-'y    *«J  5yA  Of/-    /«,*   Z»te.  /«-..    K*.    4k   4>r.   /V.j  £..   £/j    /f*f    ^ 

:- 

Chart  1. — Curve  represeenting  the  months  in  which  the  attacks   started. 

the  eruption  and  often  belittle  its  importance  when  it  is  called  to  their 
attention.  In  many  cases  they  are  so  inaccessible  as  the  result  of  dementia 
that  direct  examination  is  necessary  in  order  to  discover  any  evidence  at 
all.  The  figures  given  in  Chart  1  therefore  cannot  be  regarded  as  entirely 
accurate,  but  represent  approximately  the  months  in  which  the  disease 
appears  to  have  become  acute.  The  onset  of  recurrent  attacks  has  been 
included  in  the  figures  given.  It  will  be  observed  that  one  case  was  noted 
in  January,  1910,  and  another  in  February,  1911.  Both  of  these  were 
recurrences  in  individuals  who  had  had  attacks  in  the  preceding  year. 
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In  Table  4  are  recorded  the  number  of  recurrences  in  patients  wbo 
had  known  previous  attack-.    Occasionally  it  is  found  that  pal 
in  wbom  a  positive  diagnoi-i-  is  made  are  said  to  have  had  atta<    - 
previous  years,  but  these  have  in  each  instance  been  recorded  as  m-v.      -  - 
One  of  those  given  as  a  new  case  for  1911  is  said  to  have  had  an  attack 
in  the  summer  of  1910.    Furthermore,  four  of  the  patients  who  unques- 
tionably had  pellagra  in  1909,  showed  two  exacerbations  in  1910  which 
have  been  recorded,  in  order  to  avoid  confusion,  as  only  one  recu 

■  ach  during  that  year. 

I  lb]  e  4. — Table  of  Rem  dbbi  \<  es 


■r. 
v. 

T. 
— 

5   Z 

- 

S  z 

-  ' 
=  1 

3  06 

a 

•/ 

i 

o 

a 

E  - 

:  = 
—  - 

1-*  1-H 

>> 
>.- 

sa 

- 

t 
a  —  S 

~  0 

™  e 
=  1 

V. 

V 
= 

is 

a* 

DC      . 

>  r. 

1909  . . 

1910  .. 

1911  .. 

177 
67 

14 

97 

80 

25 

3  lib 

12 

11 

08 
50 

9 
5 

13.24 

8.9 

3 

4 

07* 
53t 

K'i 

258 

124 

14 

11.3 
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'Five  of  these  are  now  ;it   Kankal 
film  e  of  t  hese  have  since  died. 
JTwo  of  these  bave  Bince  died. 

In  Table  5  is  shown  the  mortality  at  the  Peoria  State  Hospital,     it 
a\ i  1 1  be  noticed  that  in  a  very  large  percentage  death  is  recorded  as  being 
directly  due  to  pellagra.    This  must  certainly  be  questioned  for  the  yi 
1909,  because  al  thai  timi  there  was  also  an  epidemic  of  amebic  dysentery, 
many  of  the  autopsies  showing  amebic  ulceration  of  the  intestine,  in  the 
walls  of  some  of  which  the  amebae  were  demonst  rated  by  captain-  \i« ' 
and  Siler.    Two  cases  of  liver  abscess  of  t.ypical^character  w< 
It  has  seemed  impossible  in  many  cases  to  determine  what  weight  is  to  be 
assigned  to  pellagra  as  the  primary  cause  of  death  and  how  much  beli 
to  any  other  coexisting  disease.     It   has  therefore  seemed  advisable  to 
make  do  subdivision  which  could  only  be  misleading.     In   thos 
recorded  as  dying  from  some  other  cause  there  were  do  active  pellagi 
symptoms  present  at  the  time  of,  <>r  Bhortly  before,  death. 

Id  discussing  these  tables  attention  may  first  be  directed  to 
of  individual-  most  affected,     Iii  genera]  it  may  be  said  that  the  disi 

especially  frequent  I'm-  Bome  reason,  at  present  unknown,  an 
chronic  insane.     Most  of  the  patients  who  have  Buffered  from  pellagra 
have  belonged  to  the  -roup-  of  defectives,  senile  dements,  epileptics  and 
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the  terminal  stages  of  dementia  praecox.  They  have  been  for  the  most 
part  poorly  nourished  and  in  an  enfeebled  state  of  bodily  health.  The 
total  population  of  the  Peoria  State  Hospital  during  the  great  epidemic 
of  1909  was  about  2,100,  and  of  this  number  of  patients  we  find  at  least 
8.4  per  cent,  showed  definite  symptoms  of  pellagra.  Yet  during  this 
period  none  of  the  employees  suffered  from  the  disease  in  spite  of  the  fact 
that  they  were  exposed  fully  as  much  to  the  bites  of  insects  and  drew  their 
food  and  water  supply  from  exactly  the  same  source  as  the  patients.  This 
freedom  from  pellagra  on  the  part  of  physicians,  nurses,  attendants  and 
other  employees  has  been  absolute  in  all  the  institutions.  It  is,  further- 
more, almost  certain  that  some  of  these  employees  have  been  in  a  run- 
down state  of  health  at  some  time  during  the  seasons  in  which  pellagra 
was  rampant. 

Table  5. — Mortality  at  the  Peobia  State  Hospital 


Pellagra  Given  as 
Immediate  Cause 

Other  Causes 

Total 
Deaths 

Percentage 
of  Cases 

Number 

Per  cent. 

Number 

Per  cent. 

1909     

1910     

1911     

89 
8 
4 

81.0 

63.7 

100.0 

2^ 

0 

19.0 

36.3 

0.0 

110 

14 

4 

62.15 

16.42 
28.57 

Total    

101 

78.9 

27 

21.1 

128 

49.61 

OTHER  CAUSES  OF  DEATH 

Pulmonary   tuberculosis    •  •  •   6 

Valvular  heart  disease    4 

Pneumonia    4 

Epilepsy    ~ 

Cerebral  hemorrhage    2 

Cerebral  embolism 1 

Cholecystitis     

.Amebic  dysentery   

Chronic  nephritis    

Senile  gangrene   

General  paralysis  of  the  insane 

Carcinoma  uteri    

Accidental  


While  the  general  statement  made  above  is  true  that  the  individuals 
have  been  weakly  and  ill-nourished,  there  are,  however,  notable  exceptions. 
Some  of  the  pellagrins  have  been  apparently  robust  and  well  nourished. 
In  this  connection  it  may  be  of  interest  to  refer  to  a  patient  seen  by  Dr. 
Oliver  S.  Ormsby  in  1911,  who  does  not  figure  in  the  tables  given  here, 
as  the  disease  was  contracted  in  Kentucky  and  the  patient  came  to 
Chicago  only  for  medical  advice.  This  lady  was  44  years  of  age.  native 
of  Maine,  but  had  lived  in  Kentucky  for  twelve  years,  where  she  was  at 
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the  head  of  a  college  department  of  domestic  science.  Her  duties,  there- 
fore, consisted  of  the  teaching  of  hygiene  aa  regards  management  and 

dietary  of  the  household.  She  had  had  attacks  of  "morning  diarrhea" 
for  several  summers  and  was  subject  to  attacks  of  acute  indigestion.  The 
known  attack  of  dermatitis  occurred  in  October,  1910,  but  was  very 
mild  and  without  severe  constitutional  symptoms.  The  second  attack. 
in  1911,  was  much  more  severe  and  led  her  to  come  to  Chicago  for 
assistance.  When  seen  she  presented  an  entirely  characteristic  skin 
eruption  of  pellagra  involving  the  hands,  arms,  forearms  and  across  the 
Bternura,  with  sore  mouth  and  diarrhea.  In  spite  of  this  she  appeared  to 
be  in  a  good  state  of  nutrition.  With  such  facts  before  us  it  is  certainly 
difficult  to  understand  the  freedom  of  hospital  empl" 

Attention  should  be  directed  to  the  coexistence  of  intestinal  parasitism 
with  the  larger  outbreaks  of  pellagra  at  the  Peoria  State  Hospital:  1000 
also  saw  an  epidemic  of  amebic  dysentery  and  we  find  that  since  that 
year  pellagra  has  subsided  very  rapidly.  It  is  of  course  possible  that  the 
enormous  fatality  during  1909  may  have  removed  most  of  the  more 
susceptible  individuals.  The  question  of  the  relation  of  protozoal  infec- 
tion to  pellagra  i-  more  fully  discussed  in  later  sections  of  this  report. 

The  dietary  of  the  state  hospitals  is  also  the  subject  of  detailed  study 
later.  It  may,  however,  be  mentioned  here  that  the  most  notable  point 
in  the  dietaries  has  been  a  deficit  DCy  of  animal  protein,  and  yet  the 
institution  feeding  the  smallest  amount  of  meat,  which  forms  the  main 
source  of  this  material,  has  shown  no  pellagra. 

A  f< -w  words  are  available  in  regard  to  the  habits  of  the,  patients 
which  would  expose  them  to  biting  by  insects,  etc.  In  all  institution- 
patient-  are  out  of  doors  as  much  as  possible.  At  Peoria  probably  the 
majority  of  the  patients  who  have  contracted  pellagra  have  spent  the 
-time,  while  out  of  doors,  sitting  on  the  porches  of  the  buildings  which 
leave  only  for  a  Bhort  time  if  at  all.  So  many  have  been  more  or 
•  helpless  dements  that  any  more  active  outdoor  life  has  been  out  of 
the  question,  other-  it  i-  true  have  had  the  .free  run  of  the  grounds. 
It  should  be  ooted  that  this  outdooT  period  of  the  day  does  not  include 
the  early  morning  and  late  evening,  at  which  time  blood-sucking  insects 
would  bi  mosl  prevalent.  Furthermore,  many  attacks  of  pellagra  have 
arisen  in  patients  confined  to  the  hospital  wards,  who  were  not  out  of 

door-  at   all. 

In  this  connection  reference  may  be  made  to  the  Btriking  example 
quoted  by  Dr.  Hyde1   from  the  Elgin  Stat'    Hospital.     The  patient,  a 

woman,  had   been   bedridden    for  year-  and   occupied   a    room    in  common 

with  another  insane  woman,  also  pellagrous.  The  firsl  patient  occupied 
a  bed  at  the  farther  extreme  corner  of  an  apartment  lighted  by  a  Bingle 
window.    Thi  only  lighl  accessible  for  a  long  period  prior  to  the  advent 
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of  the  pellagrous  disorder  was  furnished  by  this  one  window.  It  is  but 
fair  to  state  that  inquiries  at  the  Elgin  State  Hospital  failed  to  elicit 
the  name  of  this  patient,  but  the  medical  staff  has  changed  since  this 
observation  was  made  (1909).  The  facts  are  substantiated,  however,  by 
Dr.  Ormsby,  who  was  with  Dr.  Hyde  on  the  occasion  of  the  visit. 

With  regard  to  insects  such  as  fleas,  bed-bugs  and  body-lice,  it  cannot 
be  said  that  any  institution  is  entirely  free  from  them,  but  they  certainly 
are  not  numerous  in  any  of  the  hospitals  where  constant  warfare  is 
maintained  against  them. 

The  distribution  of  the  cases  in  the  different  wards  and  buildings  at 
the  Peoria  State  Hospital,  built  strictly  on  the  cottage  plan,  revealed  no 
special  foci.  Cases  apparently  originated  in  all  of  them  and  were  not 
more  common  even  in  those  cottages  in  which  a  large  number  were 
segregated  for  observation.  Furthermore,  there  were  no  differences  in 
the  dietary  of  the  different  wards  with  the  exception  of  the  hospital 
wards,  all  being  supplied  from  the  same  kitchen. 

DISTRIBUTION 

As  regards  the  distribution  of  pellagra  throughout  the  state  outside 
the  hospitals  for  the  insane,  we  feel  that  the  data  are  still  too  few  to 
justify  any  conclusions.  It  is  certainly  striking  that  the  great  majority 
of  the  cases  on  which  we  have  definite  information  have  arisen  in  persons 
living  and  working  in  the  two  largest  cities  in  the  state,  Chicago  and 
Peoria.  This  is  contrary  to  general  experience  in  Italy  and  elsewhere. 
Sambon  states  that  pellagra  does  not  occur  in  big  cities  and  ba^es  much 
of  his  reasoning  as  to  the  relation  with  simulia  on  this  point.  He  claims 
that  simulia  do  not  enter  large  cities  or  human  habitations.  In  this 
respect  he  is  certainly  wrong  as  regards  some  species,  e.  g.,  8.  venustum. 
Sambon  believes  the  disease  to  be  almost  confined  to  agricultural  laborers 
and  explains  the  few  instances  in  which  city  dwellers  have  been  affected 
by  occasional  visits  to  the  country.  Such  reasoning  is  difficult  to  refute 
as  most  people  occasionally  go  beyond  the  city  limits.  There  seems  to 
be  one  possible  explanation  for  the  difference  in  the  experience  in  this 
state  as  compared  with  that  in  Italy.  The  disease  has  only  recently  been 
recognized  here  and  it  is  obvious  that  the  country  practitioner  is  likely 
to  be  the  last  to  become  informed  concerning  it.  Nevertheless  there  has 
been  so  much  written  in  the  lay,  as  well  as  the  medical,  press  concerning 
the  disease  that  it  seems  hardly  possible  that  the  majority  of  the  doctors 
throughout  the  country  districts  have  not  become  acquainted  with  its 
prevalence  and  very  striking  and  obvious  characteristics.  A  further  fact 
is  also  pertinent  on  this  point.  If,  as  is  claimed  by  those  most  competent 
to  judge,  pellagra  leads  sooner  or  later  to  manifestations  of  mental 
disorder,  surely  the  state  hospitals  would  be  receiving  more  examples. 
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Judging  from  the  experience  of  Sambon  in  Italy,  if  the  disease  were  so 
much  more  common  in  agricultural  communities  than  in  large  cil 
there  should  be  several  hundred  pellagrin-  in  the  country  district-  I 
balance  the  few  we  have  been  able  to  collect  in  Chicago  and  Peoria 
among  persons  who  are  strictly  city  dwellers.  This  point  can  only  be 
determined  by  a  careful  investigation  of  the  rural  population  of  the  Btate, 
and  seems  to  as  a  very  proper  subject  for  investigation  by  the  State 
Board  of  Health. 

Until  snch  investigations  are  made  it  would  be  unwise  to  attempt 
to  state  the  probable  number  of  pellagrins  at  present  in  the  state  of 
Illinois.  Our  tables  Bhow  that  there  has  been  a  marked  decrease  in  the 
number  of  l  the  Peoria  Stati    Hospital,  whereas  at  Elgin 

they  have  increased.  But  another  fact  which  must  be  regarded  as  dis- 
quieting is  that  the  numbers  outside  the  state  hospitals,  while  still  very 

11,  are  increasing.     Ii  seems  to  us  advisable  that  evi  rl  should 

be  made  to  determine  the  actual  numbers  at  the  earliesl  possible  date 
in  order  to  be  able  adequately  to  determine  the  |  which  the  disease 

is  making.     As  a  conservative  estimate  we  would  say  that  since  July. 
1000.  when  tie  disease  was  fir-t  recognized,  there  have  been  500  cases  in 
-tate. 

Iir.     CLINICAL    ami    PATHOLOGICAL 

It  has  not  been  thought  necessary  to  include  in  this  report  a  detailed 

ription  of  the  various  manifestations  of  pellagra,  since  many  excellent 
ait : -  ring  this  ground   have  already  been   published   by   various 

authors.1  We  propose  to  give  only  the  results  of  our  own  observations, 
with  brief  descriptions  of  the  main  characteristics.  With  regard  to 
pathological  material,  we  havi   been  at  a  disadv;  d  thai  it  has  been 

difficult  to  obtain  necropsies  on  undoubted  cases  until  within  the  pasl 
few  months.  The  microscopical  examination  of  the  nervous  Bystem  is 
consequently  yei  far  Prom  complete.    The  cases  on  which  the  pathological 

iminations  were  made  are  reported  in  some  detail  below  and  have  b 
obtained  from  the  following  Bources: 

l     ■    l  was  studied  by  the  courtesj  of  Dr.  \V.  A.  Pusey  at  the  I 
County  Hospital;  I        "  from  the  Kankakee.Stati    Hospital;  I  ;.  1. 

5  and  6  from  the  Elgin  Stale  Hospital ;  the  autopsies  with  the  exception 

oi  three  being  performed  by  the  i Heal  officers  of  thai  institution;  Cases 

e  from  the   Peorja  state  Hospital,  the  autopsy  in  I 
having  been  performed  by  Dr.  Ellis  of  thai  institution. 

The  clinical  Btudy  ha-  been  made  <>n  -i\  cases  transferred  from  the 
Peoria  to  the  Kankakee  Stat.-  Hospital,  on  cases  arising  in  the  latter 
hospital,  together  with  material  collected  on  frequenl  visits  to   Peoria. 

Qui  System.     In  a  Btudy  of  more  than  two  hundred  patii 

the  tationc  exhibited  on  the  .-Kin  were  sufficiently  characteristic 
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to  enable  one  to  make  a  diagnosis  of  the  general  condition.  In  general, 
the  symptoms  corresponded  to  the  cases  described  abroad,  in  Italy  and 
other  countries.  It  can  hardly  be  said,  however,  that  they  were  exhibited 
in  the  stages  which  have  artificially  been  made  in  European  cases. 
Bather  than  being  stages  of  disorder  they  appeared  to  exhibit  degrees 
of  activity  of  the  process.  The  arrangement  of  the  lesions  was 
characteristic. 

In  the  major  portion  of  the  cases  the  dorsum  of  the  hands,  the 
wrists,  and  some  parts  of  the  face,  neck  or  scalp  were  involved.  The 
disease  only  occasionally  involved  the  feet  or  ankles,  areas  which  were 
so  often  affected  in  the  European  cases.  In  a  large  number,  the  lesions 
occurred  on  the  arms  and  chest;  in  a  smaller  percentage,  the  ears  and 
other  parts  of  the  body  were  involved.  In  a  very  few,  the  inflammatory 
process  involved  the  palmar  surface  of  the  hands,  and  occasionally  the 
eruption  was  generalized.  The  peculiar  collar  described  abroad,  while 
seen  here  occasionally,  was  not  common.  In  the  case  of  several  women, 
quite  a  severe  dermatitis  occurred  about  the  vulva  and  involved  the 
mucous  membrane  of  the  vagina.  The  lesions  were  always  symmetrically 
placed  and  ran  through  a  pretty  typical  course.  In  the  major  portion, 
the  distribution  on  the  hands  was  as  follows :  a  solid  area  extending 
over  practically  the  entire  dorsal  surface  of  the  hand,  involving  the 
fingers  to  the  knuckles,  also  the  wrist  on  the  extensor  surface  for  a 
distance  of  about  two  inches.  In  the  latter  area  it  would  frequently 
sweep  around  and  involve  about  two-thirds  of  the  flexor  surface,  then 
come  to  an  abrupt  ending.  This  particular  gauntlet  was  interesting 
and  occurred  frequently. 

In  the  most  moderate  degree  of  erythema,  the  process  went  through 
about  the  following  course:  Large  macular  lesions,  light  or  dark  red, 
would  appear,  which  soon  fused,  forming  a  patch  of  dermatitis  almost 
identical  in  appearance  with  that  caused  by  the  sun.  After  a  period 
of  from  seven  to  fourteen  days  or  a  little  longer,  desquamation  would 
begin,  at  which  time  a  roughened  scaling  surface  was  presented.  Early 
in  the  process,  moderate  to  marked  swelling  was  usually  present.  No 
subjective  sensations  were  complained  of.  That  none  was  present  was 
manifest  by  the  absence  of  any  signs  of  interference  on  the  part  of  the 
patient.  In  some  patients,  pigmentation  occurred,  while  in  others, 
after  desquamation  was  complete,  the  area  was  lighter  than  formerly. 
In  the  more  active  cases,  on  the  erythematous  base  bullous  lesions  would 
soon  develop.  Some  of  these  were  very  large.  After  several  days  they 
would  gradually  dry,  leaving  a  thickened,  crusted  epidermis.  Secondary 
pyogenic  infection  not  infrequently  followed  in  the  vesicular  and  bullous 
cases.  In  many,  the  edema  was  sufficient  to  produce  fissures  to  quite  a 
marked   extent.      The  lesions,    whether   erythematous   or   bullous,   were 
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always  well  defined.  It  was  particularly  noticeable  that  after  the  bullous 
lesions  had  cleared  the  skin  was  somewhat  thinner  than  formerly  and 
there  was  no  hyperpigmentation.  In  the  older  patients,  where  the  process 
was  subacute,  the  areas  presentel  the  appearance  of  a  simple  chronic 
dermatitis  with  marked  hyperpigmentation.  The  atrophy  described  in 
chronic  cases  in  Europe  was  present  to  a  slight  degree  only.  Loss  of 
pigmentation  did  occur,  but  true  cutaneous  atrophy  has  been  uncommon. 
That  sunlight  played  a  part  in  producing  or  determining  the  location 
of  lesions  was  demonstrated  by  having  suspected  patients  wear  fenes- 
trated gloves,  when  the  eruption  would  be  largely  limited  to  the  exposed 
surfaces.  We  have,  however,  seen  many  patients  exhibiting  typical 
lesions  occupying  the  hands  and  other  usual  areas  who  were  not  exposed 
to  the  direct  rays  of  the  sun  at  any  time.  Bedridden  patients  developed 
lesions  in  the  same  situation  as  those  able  to  be  out  of  doors.  That  the 
cutaneous  lesions  resemble  an  ordinary  sunburn  was  frequently  empha- 
sized by  reports  of  attendant-  stating  that  certain  patients  were  suffering 
from  sunburn,  which  on  examination  proved  to  be  a  pellagrous  erythema. 
The  importance  of  the  cutaneous  "symptoms  is  at  present  paramount, 
for  without  them  a  diagnosis  can  rarely  be  made.  It  is  probably  true 
that  the  disease  may  occur  without  these  symptoms,  but  in  the  present 
state  of  knowledge  they  are  essential  in  arriving  at  correct  conclusions. 
I'otholorjy. — Cutaneous:  In  a  large  number  of  sections  studied,  the 
general  picture  was  that  of  an  angio-neurotic  process,  and  resembled 
to  a  marked  extent  that  seen  in  multiform  erythema.  The  most  marked 
change  was  noticed  in  the  superficial  part  of  the  corium,  almost  all 
intiltration  occurring  in  the  para  papillaris.  The  specific  findings  arc 
as  follows:  With  a  low  power,  the  stratum  corneum  was  thickened,  the 
stratum  granulosum  and  rete  practically  normal.  The  upper  port  inn 
of  the  corium  showed  inflammatory  reaction,  and  the  connective  tissue 
appeared  edematous.  With  a  high  powei  the  hyperkeratosis  was  seen 
to  be  well  marked.  Here  and  there,  ana-  of  parakeratosis  wen-  present, 
as  evidenced  by  the  presence  of  nuclei  extending  to  the  upper  layer  of 
the  stratum  corneum.     Many  pigmenl  granules  were  present.    The  rete 

was  practically  normal,  except  in  place-  win  re  .its  integrity  was  interfered 

with  by  infiltrating  cells.  In  the  papillary  layer  cellular  infiltration  was 
quite  marked,  particularly  in  the  region  of  blood  vessels.    Collagen  and 

:in  were  present,  the  former  showing  edematous  changes.  The  deep  r 
parts  of  the  corium  were  comparatively  normal,  In  parts  of  the  papillary 
layer  elastin  was  absent. 

Prom  a  survey  of  these  findings,  no  >tatemen1  can  be  made 

concerning  the  process.  No  microorganisms  were  found.  That  the 
process  was  moderately  destructive,  was  evidenced   by  the  absence  of 

lain  structures.    A-  a  whole,  there  appeared  to  be  a  reaction  on  the 
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part  of  the  skin  either  to  a  local  toxic  irritant  or  an  angio-neurotic 
process  influenced  from  a  distant  focus. 

G  astro-hit  est  In  al  System. — The  symptoms  referable  to  this  system 
unquestionably  stand  next  in  importance  to  the  skin  lesions  and  are 
present  in  a  very  large  proportion  of  all  cases.  They  seem  to  be  especially 
marked  in  all  more  severe  examples.  They  cannot,  however,  be  regarded 
as  characteristic  inasmuch  as  very  similar  manifestations  are  also  met 
with  in  other  disorders.  We  would  hesitate  to  base  a  diagnosis  upon 
them  in  the  absence  of  typical  skin  lesions. 

The  tongue  becomes  swelled  and  denuded,  presenting  a  bright  red 
appearance  with,  in  severe  cases,  more  or  less  ulceration  along  its  edges 
and  on  its  under  surface  and  the  appearance  of  yellowish  sloughs  in  these 
regions  which  bleed  very  easily.  The  lips  and  cheeks,  where  they  come 
in  contact  with  the  teeth,  also  show,  in  the  more  serious  forms,  a  similar 
bleeding,  sloughy  appearance.  The  whole  condition  presents  features 
which  are  very  similar  to  the  aphthous  stomatitis  seen  in  other  debilitat- 
ing states,  especially  in  children,  but  also  in  adults,  as,  for  example,  in 
pemphigus.  The  ulcers  are  always  superficial  and  in  the  event  of 
recovery  heal  without  leaving  scars.  This  state  of  the  mouth  is  often 
very  painful  and  renders  eating  difficult.  In  the  slighter  forms  there 
is  usually  nothing  more  to  be  seen  than  a  redness  and  smoothness  of 
areas,  especially  at  the  tip  and  along  the  margins  which  has  received 
from  Sandwith  the  name  of  "bald-tongue."  Scrapings  from  the  slough- 
ing surface  have  not  shown  the  presence  of  any  m}*celial  growth. 

Diarrhea  has  also  been  a  very  constant  concomitant,  being  as  a  rule 
more  severe  in  those  cases  which  terminate  fatally.  In  the  milder  cases 
close  questioning  may  be  necessary  to  find  that  there  has  been  a  loose- 
ness and  excessive  action  of  the  bowels  and  we  have  in  some  been  able 
to  obtain  no  such  evidence.  In  this  regard  some  attention  must  be  paid 
to  the  class  of  patient  with  whom,  in  the  main,  we  have  had  to  deal,  a 
class  of  chronic  dements  from  whom  but  little  information  can  be 
obtained  directly.  Nevertheless,  it  has  appeared  that  in  some  there  has 
been  cither  no  change  in  the  usual  state  of  the  bowels,  or  there  has  been 
even  constipation.  The  appetite  may  be  preserved  and  in  some  cases  it 
has  even  appeared  to  be  excessive,  especially  in  relation  to  the  actual 
digestive  capacity.    In  more  severe  cases,  however,  appetite  is  poor. 

Mental  and  Nervous  System. — The  classical  descriptions  of  pellagra 
give  somewhat  vague  accounts  of  the  symptoms  due  to  involvement  of 
the  nervous  system,  especially  in  regard  to  the  mental  picture.  The 
material  at  our  disposal  is  unfortunately  almost  entirely  unsuited  for  a 
etudy  of  this  question,  since  almost  all  cases  have  arisen  in  patients 
already  suffering  from  mental  disorder  and  presenting  more  or  less 
evidence  of  interference  with  the  projection  system.     In  most  instances 
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the  records  of  previous  examination  of  the  nervous  system  are  aim  - 
entirely  lacking  and  ii  is  hence  impossible  to  decide  which,  if  any. 
the  present  manifestations  are  due  to  pellagra.    In  Cases  1  and  2  recorded 
below,    and    another   seen   with   Dr.    Baker   of    Peoria,    where    pellagra 
occurred   in  individuals  previously  healthy,  thru-  were  do  evidences  of 
--  lesion  of  the  nervous  system  except  in  thi  stages.    The  exi  _- 

■  Hex  did  not  appear  to  be  more  than  could  he  accounted  for 
by  the  condition  of  exhaustion.    In  the  final  Bt  re  have  in  many 

-  developed  symptoms  of  central  neuriti>.  am!  this  must  unquestion- 
able -   rded  a-  worthy  of  more  than  passing  mention.     It  will  be 

nssed  further  in  considering  the  course  of  the  i    -     - 

Wit1'  regard  t<>  mental  symptoms,  we  can  quote  but  two  cases  which 
hear  on  the  point.     In  the  first  of  these  there  developed  a  psychosis 
delirious  character  which  appeared  to  run  parallel  to  the  physical  mani- 

itions.     Besides  tin-,  there  was  an  intensification  of  the  querulousness 

.liar  to  the  personality  of  the  patient  together  with  some  depression 
and  irritability.  In  the  second  case  a  typical  manic-depressive  excite- 
ment aros<  shortly  after  the  appearance  of  gastro-intestinal  symptoms 
which  seems  t"  have  been  the  early  manifestations  of  an  attack  of  pellagra. 
>ry  of  thi-  individual  prior  to  the  onset  which  was  avail- 
able, seemed  to  indicate  that  she  had  had  period-  of  depression  with, 
mutism  and  apathy,  which  would  suggest  the  occurrence  of  transient 
depressed  phases  of  manic-depressive  insanity.  Bence  one  is  not  justi 
in  regarding  the  manic  excitement  a-  a  picture  forming  part  of  the 
pellagra  complex.     It   i-   to  b<    considered   onl^    a-  a   personal  jbype  of 

■  ion. 

In  Case  I.  quoted  below,  the  patient  Bhowed  no  mental  symptoms  up 
to  the  time  of  her  death  beyond  a  change  in  disposition  in  which  she 
became  more  depressed  and  irritable.    Thi-  may  hi'  considered  as  pi 
ably  adequate   to   her   general   condition   of   weakness   and   exhaustion. 

iher  case  of  interesl  in  thi-  connection  i-  that  seen  by  the  courtesy 
of  Dr.  J.  II.  Bacon2  in  the  citj  of  Peoria.  In  a  .personal  communication 
Dr.  Baker  informs  as  thai  thi-  pati<  nt,  who  hail  seven  attack-  id'  pelli 
in  seven  consecutive  years,  hail  become  more  irritable  and  depressed  • 
since  the  first  attack-  in  1903,  but  there  were  no  more  definite  mental 
symptoms  until  the  last  and  I'atal  attack-  in  L910.  The  depression  then 
became  arked   although  -till   accompanied   by  insight.     During 

the  last  stages  -he  also  had  episodic  period-  of  apprehensive  excitement 

ompanied   by   sense   falsifications   and    extreme    restlessness.     'I' 

arred  mostly  al  night  and  were  followed  by  amnesia.   During 
them  she  threatened  Buicide,  accused  her  daughter  of  immorality  and 


2.  Bacon,  ■'.  H.:    \  Case  "f  Pellagra   in  Illinois,  ■'  '  M  ■; 

"Mir.    ,,.    17- 
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heard  robbers  trying  to  break  into  the  house.  During  the  intervals  she 
was  depressed  and  hopeless  but  was  able  largely  to  direct  the  affairs  of 
her  household  from  her  bed. 

Among  individuals  already  insane  there  have  been  no  definite  changes 
produced  by  the  onset  of  pellagra.  Some  are  reported  as  having  been 
more  restless  and  excited,  others  have  seemed  more  depressed  and  irritable 
but  in  the  vast  majority  the  pellagra  does  not  seem  to  have  led  to  any 
change  in  the  mental  attitude  of  the  patient. 

From  our  personal  experience  we  therefore  do  not  feel  justified  in 
making  any  very  definite  statements  regarding  the  nervous  and  mental 
symptoms  of  pellagra.  It  has  seemed  that  in  the  projection  system  there 
are  no  characteristic  changes  until  the  final  stages  when  there  is  a  great 
liability  to  the  occurrence  of  central  neuritis.  (In  this  relation  the 
observation  of  increased  sensitiveness  of  nerve  trunks  and  muscles  to 
pressure,  made  in  Case  2  at  the  time  of  a  generalized  pellagrous  eruption. 
is  of  considerable  interest  in  that  it  suggests  that  the  nerve  trunks  are 
susceptible  to  the  pellagrous  toxin  whatever  be  its  nature.)  In  regard 
to  the  associative  system  of  the  brain,  our  observations  would  suggest 
that  there  is  a  liability  to  the  occurrence  of  deliria  similar  to  those  seen 
in  other  infective  and  toxic  states.  Here  reference  may  be  made  to  the 
report  of  the  Georgia  State  Sanitarium  at  Milledgeville  for  1910.  A 
large  number  of  patients  were  admitted  to  this  institution  suffering  from 
pellagra  with  mental  symptoms  and  it  is  interesting  to  note  that  the 
psychoses  presented  are  included  in  the  infective-exhaustive  group  which 
contains  the  deliria  due  to  bacterial  and  other  organic  toxins.  Apart 
from  this  acute  condition,  which  is  to  be  regarded  only  as  a  type  of 
reaction  on  the  part  of  the  brain  to  acute  intoxication  of  any  kind, 
there  does  not  seem,  in  our  limited  experience,  to  be  any  "pellagrous 
insanity."  The  change  in  disposition,  which  is  not  by  any  means  con- 
stant, is  very  similar  to  that  seen  in  other  chronic  exhausting  diseases 
such  as  tabes  dorsalis  and  tuberculosis. 

In  our  opinion  it  still  remains  to  be  proved  that  pellagra  gives  rise 
to  any  more  chronic  form  of  nervous  or  mental  disorder.  It  does  give 
rise  to  symptoms  of  acute  intoxication  of  the  nervous  system,  such 
symptoms  being  not  in  any  way  characteristic  of  any  particular  toxin. 
Furthermore,  like  other  intoxications,  it  may  act  as  the  exciting  cause 
for  the  outbreak  of  acute  psychoses,  such  for  instance  as  those  belonging 
to  the  manic-depressive  group,  in  individuals  who  are  susceptible. 

There  is  one  further  point  which  is  also  especially  worthy  of  emphasis, 
although  its  explanation  is  still  to  be  found.  This  is  the  great  suscepti- 
bility of  the  chronic  insane  to  pellagra.  The  proportion  of  those  affected 
outside  the  state  and  county  hospitals  for  the  insane  to  the  inmates  of 
these  institutions  is  certainly  extremely  small  in  this  state  even  if 
allowance  be  made  for  many  failures  to  recognize  the  disease. 
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INTESTINAL    BACTEBIA    AND    PROTOZOA 

1.  Bacteria. — A  very  extensive  study  of  the  intestinal  bacteria  lias 
been  carried  out,  the  results  of  which  will  he  merely  summarized  here. 

Altogether  twenty-two  stools  from  fourteen  patients  were  examined 
as  well  as  two  samples  taken  from  the  intestinal  canal  post  mortem  in 
one  of  these  fourteen  eases.  Of  the  first  ten  specimens,  three,  Nos.  5, 
8  and  7.  wen-  furnished  by  inmates  of  the  Kankakee  State  Hospital  who 
showed  a  Buspicious  pigmentation  of  the  skin,  but  in  all  probability  did 
not  have  pellagra;  five,  Nos.  2,  3,  4.  6  and  9,  were  from  pellagrins  well 
on  the  road  to  recovery  from  an  attack  of  the  disease,  which  has  not 
recurred  in  them  up  to  the  present  time,  August,  1911  ;  two  specimens, 
Nos.  1  and  10,  were  from  pellagrins  who  had  recently  suffered  a  very 

re  acute  attack  and  in  whom  the  skin  lesions  had  practically  disap- 
peared, although  the  patients  still  remained  very  weak  and  apparently 
about  to  die.  The  other  fourteen  specimens  seemed  to  be,  as  a  whole, 
more  nearly  representative  of  the  condition  of  the  stools  in  pellagra.  Six 
of  them,  Xos.  11,  12,  14,  1G,  IS  and  20,  wire  obtained  at  intervals 
from  the  same  patient,  W.  N.,  and  during  this  time  the  skin  lesions 
•  vt  lved  in  Buch  a  way  as  to  indicate  an  acute  exacerbation  of  the  disease, 
and    the   erythema    appeared    on    a    new    area,    the   forehead,   gradually 

tiding  downward  over  it:  and  finally,  before  the  last  specimen  was 
obtained,  the  patient  had  recovered.  Two  specimens,  Nos.  15  and  21, 
were  obtained  from  another  patient,  the  first  one  during  a  recurrence 
of  the  skin  eruption,  and  the  second  alter  all  skin  manifestations  had 
disappeared.  One  specimen,  Xo.  13,  was  obtained  from  a  patient  in 
whom  the  skin  lesion  had  persisted  for  months,  indicating  a  chronic 
type  of  the  disease.  Two  others,  Nos.  11  and  19,  were  obtained  from 
patients  soon  after  the  recognition  of  a  recurrence  of  the  Bkin  eruption. 
Fjnally,  the  last  three  specimens  were  obtained  from  a  fatal  case  in 
which  the  eruption  had  been  present   for  three  months,  and  was  very 

e»   at  the  time.     One  specimen,  No.  22,  was  a  fluid  stool  obtained 
forty-one  hours  before  the  death  of  the  patient,  and  the  second.  No. 
was  obtained  from  the  cecum,  and  the  third,  No.  24,  from  the  ileum,  at 
the  autopsy,  twenty-one  hours  after  the  death  of  the  patient. 

In  the  complete  report,  the  observations  have  been  recorded  in  detail. 
These  included  the  numerical  and  differential  counts  of  the  bacterial 
cells  in  the  feces;  quantitative  plate  cultures  oJ  the  mixed  fecal  flora 
on  aerobic  litmus-la<  kose-agar,  aerobic  litmus-lactose-gelatin,  aerobic 
blood-agar,  anaerobic  litmus-glucoae-agar  and  anaerobic  blood-agarj 
Veillon-tube  separation  cultures  in  glucose-agar ;  plate  cultures  of  the 
bacterial  Bpores  of  the  feces  on  aerobic  litmus-lactose-agar,  anaerobic 
glucose-agar  and  anaerobic  blood-agar;  fermentation-tube  cultures  of  the 
mixed    fecal    flora   in   dextrose-broth,   levulose-broth,   lactose-broth   and 
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saccharose-broth;  plate  and  tube  separation  cultures  from  the  sediments 
of  these  fermentation  tubes ;  Gram-stains  of  these  sediments ;  fermenta- 
tion-tube cultures  in  litmus  milk,  in  sugar-blood-broth  and  in  broth 
containing  coagulated  egg-white;  and  finally,  a  study  of  certain  bacterial 
strains  isolated,  including  agglutination  tests  with  the  sera  of  pellagrins 
and  others,  and  a  brief  study  of  the  biological  properties  of  a  few  of  the 
bacterial  strains.  The  agglutination  tests,  although  they  lead  to  no 
definite  conclusions,  are,  perhaps,  of  sufficient  general  interest  to  warrant 
a  brief  summary  here. 

Of  the  114  bacterial  strains  isolated  from  the  different  stools,  fourteen 
were  lost  before  being  tested.  These  were  the  strains  designated  by  the 
following  numbers :  7,  15,  24,  31,  39,  40,  41,  42,  43,  45,  50,  61,  74  and  77. 
Each  of  the  remaining  100  bacterial  strains  was  subjected  to  one  or  more 
agglutination  tests  in  which  the  serum  of  normal  persons  as  well  as 
serum  from  pellagrins  was  employed. 

Cultures  grown  on  inclined  agar  for  24  hours  at  37  C,  were  employed 
for  the  tests.  The  anaerobic  forms  were  incubated  in  an  atmosphere  of 
hydrogen.  The  growth  was  suspended  in  0.8  per  cent,  salt  solution  and 
the  heavier  particles  allowed  to  settle  out.  The  supernatant  suspension 
was  diluted  with  salt  solution  until  it  was  translucent,  corresponding 
approximately  to  an  empirical  standard  of  density.  The  bacterial  sus- 
pension was  then  mixed  with  an  equal  volume  of  a  dilution  of  the  serum 
irr  a  small  tube  about  4  mm.  in  diameter.  Several  bacterial  strains  and 
several  sera  were  always  employed  in  each  test,  and  among  these  there 
were  usually  at  least  one  control  bacterial  strain  and  one  control  serum, 
the  behavior  of  which  had  been  previously  ascertained.  The  tubes  con- 
taining the  mixtures  of  bacterial  suspension  and  diluted  serum  were 
set  up  in  a  rack  in  parallel  rows,  each  rank  being  made  up  of  tubes 
containing  precisely  the  same  serum,  and  each  file  being  made  up  of 
tubes  containing  the  same  bacterial  suspension.  The  tubes  were  placed 
at  37  C.  and  observed  at  frequent  intervals  for  twenty-four  hours  or 
longer.  In  the  earlier  tests,  higher  dilutions  of  serum  (1:50)  were 
employed.  December  8  a  test  was  performed  with  suspension  of  B. 
typhosus  in  different  dilutions  and  with  different  dilutions  of  serum 
from  a  guinea-pig  immunized  to  B.  typhosus.  As  a  result  of  this  test, 
it  was  decided  to  employ  a  bacterial  suspension  of  moderate  density  and 
to  use  the  serum  in  a  dilution  of  1:10  for  the  preliminary  tests  of  the 
various  strains.  The  sera  employed  were  derived  (a)  from  healthy 
people;  (b)  from  pellagrins,  some  in  the  active  stage  of  the  eruption  and 
others  without  any  existing  manifestations  of  the  disease;  (c)  from 
inmates  of  the  state  hospitals  for  the  insane  who  had  showed  no  signs 
of  pellagra;  (d)  from  sane  individuals  suffering  from  other  diseases,  such 
as  typhoid  fever,  pneumonia  and  syphilis;  and  (e)  from  experimental 
animals. 
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_    thes<     100   BtraiiiG   only   a    few   manifested    any   distinctly 
different  behavior  toward  the  sera  of  pellagrins  ae  compared  with  the 

of  norma]  individuals.    These  were  Strain-  1  !.  35,   11.  62  and 
ami  possibly  .s-~>  and  88. 

Following  ie  a  brief  description  of  the  chars  -  -  of  the  five 
strain-.   1  1.  35,   14.  62  and   67. 

Strain  14  was  derived  from  a  thin  colony,  spreading  beneath  the 
Burface,  on  an  aerobic  blood-agar  plate  inoculated  with  nnheated  -   - 

sion  of  Specimen  11.  This  specimen  was  a  watery  stool  passed  by 
the  patient  \\\  N".  early  in  an  exacerbation  of  definite  pellagra.  The 
culture  was  found  to  be  impure  and  was  separated  into  two  strain?  by 
plating  during  January,  1911.  The  strain  then  designated  ae  14?»  gave 
the  more  definite  agglutination  reactions  and  was  accepted  as 
authentic    Strain    14,    the   other   component   being   disregarded.     The 

nism  was  an  actively  motile  bacillus,  varying  in  thickne-- 
1.0  micron  to  1.8  microns  and  in  length  from  '2A  microns  t<»  8.1  mien  - 
Tin-  «i]d-  were  rounded.  In  gelatin  stab  culture  it  produced  a  funnel- 
shaped  liquefaction.  In  litmus-milk  the  reaction  remained  alkaline; 
the  milk  was  slightly  curdled  after  four  days  and  the  curd  dissolved  to 
afterward.  No  gas  was  produced  in  broth  containing  dex- 
trose,  levulose,  lactosi .  maltose  oi  saccharose.  Tin-re  was  no  production  of 
indol  in  Dunham's  peptone-salt  solution.  On  agar  slants  the  growth  was 
white  ;it  first  but  later  became  qjange  in  color. 

The  contaminating  organism  separated  from  the  above  strain  by 
plating  the  original  Strain  14,  was  designated  as  Strain  MA.  In  its 
various  characters  it  agreed  closely  with  B.  coli. 

Strain  35  was  derived  from  a  colony  on  the  aerobic  blood-agar  plates 
inoculated  with  unheated  suspension  of  Specimen  14.     This  stool  was 

-ed  by  a  pellagrin  showing  active  erythema  on  the  bands,  but   I 
usual  precautions  against  (be  contamination  of  the  Btool  were  not  cai  i 
out.     Thi    organism  was  an  actively  motile  bacillus  of  about  the  Bame 
si2e  as   B.  coli.     In  gelatin  -tab  culture  it   produced   a   funnel-shaped 
liquefaction.     In  litmus-milk  the  reaction  remained  alkaline  but   t 
was  slight  coagulation  after  four  days.     No  gas  was  produced  in  bi 

taining  dextrose,  levulose,  lactose,  maltose*  or  Baccharose,  and  indol 
was  not  produced  in  Dunham's  peptone-salt  solution.    Pigment  waa  not 

•  rved  in  the  culture  of  this  -train,  so  thai  it  differed  front  Strain  11 
in  this  r<  sp<  ct. 

Strain  11  was  derived  from  a  colony  on  the  aerobic  plate-  <,t  litmus- 
lactose-agar  inoculated  with  unheated  suspension  of  Specimen  l".    This 

i]  w.i-  passed  by  a  pellagrin  Bhowing  ;i  Bubacute,  active  erythema  on 
the  hands.  The  organism  \\;i-  an  actively  motile  bacillus  resembling 
/.'.  "-///'  in  -i/e  and  -bape.     in  gelatin  Btab  culture  there  was  no  lique- 
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faction,  but  gas  bubbles  were  seen  in  the  gelatin  after  three  days.  Litmus- 
milk  was  rendered  acid  in  twenty-four  hours  and  coagulated  in  forty- 
eight  hours.  Xo  subsequent  digestion  of  the  clot  was  observed.  Gas 
was  produced  in  fermentation-tube  cultures  in  broth  containing  various 
sugars  as  follows :  Dextrose.  95  per  cent,  gas  in  the  closed  arm ;  levulose, 
45  per  cent. ;  lactose,  40  per  cent. ;  maltose,  62  per  cent. ;  saccharose,  none. 
Cultures  in  Dunham's  peptone-salt  solution  gave  a  pronounced  positive 
reaction  to  the  test  for  indol.  Pigment  was  not  observed  in  the  cultures 
of  this  strain. 

Strain  62  was  derived  from  a  colony  on  the  anaerobic  plates  of  glucose- 
agar  inoculated  with  unheated  suspension  of  Specimen  19.  This  stool 
was  passed  by  a  pellagrin  with  definite  active  pellagrous  erythema  on  the 
hands,  which  had  been  noted  first  about  three  weeks  before.  The  organism 
was  a  granular  bacillus  appearing  somewhat  larger  than  B.  coli,  some  of 
the  rods  being  very  long.  Most  of  the  colonies  on  the  set  of  glucose-agar 
plates  were  composed  of  similar  bacilli.  In  gelatin  stab  culture  there 
was  no  liquefaction,  and  gas  bubbles  were  observed  after  eleven  days. 
Litmus-milk  was  acidified  in  twenty-four  hours  and  coagulated  in  forty- 
eight  hours.  There  was  no  subsequent  digestion  of  the  casein.  In  fer- 
mentation-tube cultures  in  broth  containing  various  sugars,  gas  was 
produced  as  follows:  Dextrose,  45  per  cent.;  levulose,  45  per  cent.; 
lactose,  45  per  cent. ;  maltose,  50  per  cent. ;  saccharose,  none.  Indol  was 
produced  in  Dunham's  peptone-salt  solution.  A  slightly  red  pigment 
was  observed  in  some  of  the  cultures  of  this  bacillus. 

Strain  67  was  derived  from  a  colony  on  the  aerobic  blood-agar  plates 
inoculated  with  unheated  suspension  of  the  same  Specimen  19.  The 
organism  was  an  actively  motile  bacillus  with  rounded  ends,  about  4 
microns  long  by  1.4  microns  thick  on  the  average.  Variations  in  length 
between  2.4  and  6.2  microns  and  in  thickness  between  1.0  and  1.6  microns 
were  observed.  The  flagella  were  peritrichous  and  apparently  numbered 
from  four  to  ten  for  each  cell  (this  point  was  not  satisfactorily  ascer- 
tained). In  gelatin  stab  cultures,  it  produced  a  funnel-shaped  lique- 
faction resembling  closely  that  produced  by  Strain  14  and  Strain  35. 
In  litmus-milk  the  reaction  remained  alkaline  but  there  was  slight 
coagulation  after  four  days  and  some  digestion  of  the  casein  apparent 
at  this  time  but  more  definite  subsequently.  Xo  gas  was  produced  in 
fermentation-tube  cultures  of  broth  containing  dextrose,  levulose,  lactose, 
maltose  or  saccharose.  Xo  indol  could  be  detected  in  cultures  grown  in 
Dunham's  peptone-salt  solution.  Fresh  agar  cultures  were  colorless, 
but  later  became  orange  in  color.  This  strain  corresponded  in  its  various 
characters  very  closely  to  Strain  14  and,  except  for  the  pigment,  it  also 
agreed  well  with  Strain  35. 
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Table  9 


-Summary  of  Results  of  Agglutination  Tests  Previous  to 
July,  1«>11 


Kerr    

MacNeal  . . 

Guinea-pig 

Total   . 


Positive  Results 

Negative  Results 

Strains 

Strains 

14 

35 

44 

62 

<;: 

14      35       44      G2      G7 

SERA  of  normal  INDIVIDUALS 

0 

0 

0 

0 

0 

4 

1 

3 

3 

0 

0 

1 

1 

(1 

5 

1 

2 

2 

0 

1 

0 

0 

0 

2 

0 

•> 

:: 

0 

/ 

1 

1 

0 

11 

> 

7 

8 

3 

5 

:\ 
li 


SERA  OF  INSANE  PATIENTS,  NOT  PELLAGRINS 


M.  L. 

B.  X. 


Total 


1 

2 

0 

1 

2 

0 

> 

h 

0 

SERA  OP-PI  I.I  AGRIN8 


P.   E 

M.    V.    .  .  . 
M.   G.    .  .. 

G.  I 

T.  k 

I).  E 

W.   X.    .  .  . 
J.  8 

r.  P 

i)  i) 

A.   I) 

S.    E 

J.   X 

Total 


2 

1         2 

i 

2 

1 

n         ii 

l 

1 

1         1 

1 

0         (l 

4 

1         2 
1 

2 

4 

0 

1 

(T         0 
0 

0 

1         0 

(I 

1 

3 

0         2 

'J 

1 

•_> 

1 

0 

1 

0 

1 

2 

2 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

(i 

0 

1 

0 

0 

i) 

1 

0 

1 

1 

2 

0 

0 

2 
2 
2 

0 

n 

it 

1 

1 

1- 

r>      7 

8 

?0 

6 

n       7 

6 

In  Table  9  are  given  in  summary  the  results  of  agglutination  tests 
on  these  five  bacterial  Btrains  with  the  sera  of  pellagrins  and  various 
controls  which  were  made  prior  to  July,  1911,  and  the  total  Dumber  of 
positive  ;m<]  oegative  tests  on  the  different  classes  of  Bera  are  seen  to 

be  as  follow.- : 


lis  1  i 

Strain  35 

Strain  t I 

Strain  62 

SI  rain  67 

+ 

o 

2 

18 

+ 
l 
5 

2 

6 

+ 
1 
: 

7 
7 

+ 
1 

a 

+ 

0 

i 

20 

11 

' 

i 
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Table  10. — Summary  of  Results  of  Agglutination  Tests  on  Strain  67 
During  July  and  August,   1911 


SERA   OF  HEALTHY  INDIVIDUALS 


Individual 

Residence 

Remark 

Posi- 
tive 

Results 

Nega- 
tive 

Results 

Urbana 

Urbana 

Urbana 

Chicago 

Chicago 

Kankakee 

Kankakee 

Ku nkakee 

0 
15 
3 
0 
0 
1 
0 
0 
19 

161 

York 
H.   E. 
H.    D. 
M.  Y.    (C) 
M.  Y.    (K) 
Monkey  248 
Monkey   290 
Total 

0 

0 

3 

22 

0 

l2 

l2 

23 

SERUM  OF  MONKEY  FED  ON  CULTURES  OF  STRAIN  67 


Monkev  79 


Kankakee 


SERA  OF  PATIENTS 

NOT  PELLAGRINS 

B.  R. 

Kankakee 

Insane 

0 

1 

M.  R. 

Kankakee 

Insane 

0 

1 

W.  L. 

Kankakee 

Insane 

1 

0 

P.  N. 

Kankakee 

Insane 

1 

0 

W.  D. 

Kankakee 

Insane 

0 

l2 

P.  L. 

Kankakee 

Insane 

1 

0 

J.  S. 

Kankakee 

Insane 

1 

0 

A.  A. 

Chicago 

Sane,   syphilis 

0 

1 

R.  Y. 

Chicago 

Sane,   syphilis 

0 

1 

B.  I. 

Chicago 

Sane,   syphilis 

1 

0 

L.   S. 

Chicago 

Sane,   syphilis 

0 

1 

C.  K. 

Chicago 

Sane,   syphilis 

0 

1 

0.  Y. 

Chicago 

Sane,  typhoid 

1 

0 

G.  I. 

Chicago 

Sane,    pneumonia 

2 

0 

Total 

8 

7 

SERA  OF  PELLAGRINS 


A.  D. 

Chicago 

Sane 

4 

0 

C.  C.  H. 

Chicago 

Sane 

3 

0 

D.  Y. 

Chicago 

Sane 

9 

0 

G.  M. 

Chicago 

Sane 

2 

33 

T.   R. 

Chicago 

Sane 

3 

0 

G.  S. 

Chicago 

Sane 

3 

1 

M.  G. 

Peoria 

Insane 

1 

0 

D.  E. 

Peoria 

Insane 

0 

2 

S.  N. 

Peoria 

Insane 

5 

0 

P.  Y. 

Peoria 

Insane 

1 

0 

B.  N. 

Peoria 

Insane 

3 

0 

C.  N. 

Peoria 

Insane 

6 

0 

B.  R. 

Kankakee 

Insane 

0 

22 

S.  E. 

Kankakee 

Insane4 

0 

2 

M.  N. 

Kankakee 

Insane 

6 

0 

Total 

-',6 

10 

1.  Four  of  these  were  slight  agglutinations. 

2.  All  of  these  were  slight  agglutinations. 

3.  Two  of  these  were  slight  agglutinations. 

4.  Diagnosis  of  pellagra  doubtful. 
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These  tests  directed  attention  particularly  to  Strains  14,  35  and  07, 
and  especially  to  the  last  one. 

In  Table  10  is  a  similar  summary  of  the  results  of  the  agglutination 
tests  on  Strain  67  with  various  sera,  performed  during  July  and  August. 
1911. 

These  results  tend  to  break  down  the  evidence  suggesting  that  these 
bacterial  strains  bear  a  special  relation  to  the  disease  pellagra,  by  show- 
ing that  positive  agglutination  of  them  is  frequently  brought  about  by  the 
sera  of  normal  individuals  and  that  the  sera  of  pellagrins  sometimes  fail 
to  produce  this  result.  Some  of  these  results,  however,  did  support,  in 
a  way,  the  earlier  evidence,  especially  the  positive  agglutinations  of 
Strain  07  produced  by  the  serum  of  every  one  of  the  acute  typical  c 
of  pellagra  in  sane  individuals  in  the  Cook  County  Hospital. 

In  the  complete  report  the  observations  are  set  down  in  detail  with- 
out any  attempt  to  discuss  the  data.  It  is  quite  evident  from  a  con- 
sideration of  them  that  further  experimental  work  is  necessary  before 
it  will  be  possible  to  draw  any  important  conclusions  concerning  ques- 
tions in  this  field.  The  following  conclusions  are,  at  any  rate,  suggested 
by  the  observations  and  may  be  set  down  here  in  a  tentative  way: 

1.  In  pellagra,  especially  in  the  acute  attack,  there  are  marked 
changes  in  the  fecal  flora  as  compared  with  the  normal.  Relative  diminu- 
tion in  the  number  of  bacterial  cells  per  milligram  of  feces  is  frequent  lv 
very  great.  The  numerical  relations  of  the  different  types  of  bacteria 
normally  seen  in  the  feces  ;ire  disturbed,  and  in  addition  several  new 
forms,  more  or  less  heterogeneous  in  nature  appear.  Protozoa  .amebas 
and  flagellates  are  frequently  present. 

2.  In  cultures  from  the  feces  of  pellagrins,  various  departures  I 
normal  relationships  oi  the  fecal  bacteria  are  frequent,  and  many  forms 
Of  bacteria  occur  which  are  not  found  in  cultures  of  fecal  bacteria  of 
healthy  men. 

:;.  Three  bacterial  strain-  derived  from  three  different  cases  re 
to  agglutination  tests  with  sera  of  pellagrins  jn  a  manner  somewhat 
suggestive.  These  Btrains,  11.  35  and  67,  were  all  derived  from  pella- 
grins at  Peoria,  but  they  were  agglutinated  by  Bera  of  pellagrins  at 
Kankakee  and  al  Chicago  a-  well  as  Bera  <>f  patients  at  Peoria.  This 
Bomewhal  Buggestive  evidence  of  a  relationship  t"  pellagra  is  refuted 
or   very    much   weakened    by   the   fact    <:  bacteria    were   also 

;lutinated  by  the  sera  of  insane  pei  from  pellagra  at   Peoria 

and  ;it  Kankakee,  and  by  the  -era  of  apparently  normal  persons  at 
E£ankakee,  at  Chicago  and  :if  Orbana.  Preliminary  cultural  investiga- 
tion has  suggested  thai  two  of  these  strain-  (11  and  67)  ;1re  probably 

identical   in  nature,  and  that  perhaps  the  other  strain    (85)    is  a  clo 
related  variety  of  thi  They  do  noi  belong  in  the  /.'.  coli 

group. 
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4.  Other  bacterial  strains  which  showed  suggestive  agglutination 
relations  were  all  non-liquefying,  gas-forming  bacteria,  probably  closely 
related  to  B.  coli. 

2.  Protozoa. 

PEORIA 

1.  Protozoal  infection  among  fifty  non-pellagrous  patients. 

Number  showing  entamebas  (26),  52  per  cent. 
Number  showing  flagellates    (30),  60  per  cent. 

Of  these  fifty  patients,  eleven  presented  a  definite  and  clear-cut  clinical 
picture  of  amebic  dysentery.  Entamebas  were  demonstrated  in  73  per 
cent,  of  these  cases  giving  clinical  evidence  of  dysentery,  and  in  one 
case  an  amebic  abscess  of  the  liver  was  found  at  necropsy. 

2.  Protozoal  infection  among  twenty-one  pellagrous  patients. 

Number  showing  entamebas   (16),  76  per  cent. 
Number  showing  flagellates   (16),  76  per  cent. 

A  further  analysis  of  these  statistics  and  comparison  with  clinical 
symptoms  exhibited  by  each  patient  demonstrated  the  fact  that  of  the 
twenty-one  pellagrous  patients  five  were  suffering  with  dysentery  resem- 
bling in  all  respects  amebic  dysentery.  Entamebas  were  present  in  all 
five  cases.  Of  the  remaining  sixteen  cases,  six  presented  diarrheic  symp- 
toms, and  in  five  of  the  cases  suffering  from  diarrhea  entamebas  were 
present.  The  remaining  ten  cases  gave  no  evidence  of  either  diarrhea 
or  dysentery,  but  in  six  of  these  cases  entamebas  were  present  in  the 
stools. 

An  attempt  was  made  to  classify  the  species  of  entamebas  found  in 
the  patients  at  Peoria.  The  examination  of  fresh  preparations  was  the 
routine  method  for  all  cases,  but  in  many  instances  staining  methods 
were  used.  The  staining  methods  adopted  were  the  following:  poly- 
chrome stains  (Leishman's,  Wright's,  MacNeal's,  and  Giemsa's)  and 
the  iron  hematoxylin  method  of  Heidenhain.  It  was  possible  definitely 
to  establish  the  fact  that  at  least  three  and  probably  four  species  of 
entamebas  were  present. 

Entamoeba  histolytica  was  found  in  four  cases. 

Entamoeba  coli  was  present  in  a  number  of  cases. 

Entamoeba  tetragcna.  An  entameba  resembling  in  all  respects  the 
published  discriptions  of  E.  tetragena  was  found  in  some  cases. 

A  number  of  preparations  stained  with  polychrome  stains  and  iron 
hematoxylin,  and  material  containing  encysted  entamebas,  were  for- 
warded to  Captain  C.  F.  Craig,  Medical  Corps,  U.  S.  A.,  for  an  expres- 
sion of  opinion.  Captain  Craig  reported  finding  E.  coli,  E.  liystolytira 
and  E.  tetragena,  thus  confirming  the  findings  of  Captains  Siler  and 
Nichols. 


148 


THE     ARCHIVES     OF     INTERNAL     MEDK1M. 


It  is  quite  evident  that  the  most  common  form  of  dysentery  at  the 
Peoria  State  Hospital  was  due  to  amebas,  for  the  following  reasons: 
The  typical  clinical  symptoms  of  emebic  infection  were  present,  patho- 
genic entamebas  were  present  in  the  stools,  and  in  many  of  the  cases  going 
to  autopsy  amebic  ulceration  or  folliculitis  was  noted. 

The  flagellates  found  at  Peoria  were  mainly  Trichomonas  intestinalis. 

A  statistical  study  of  protozoal  infection  of  the  intestinal  canal  was 
undertaken  among  the  patients  (practically  all  non-pellagrous)  at  Kan- 
kakee and  Dunning,  without  reference  to  the  presence  or  absence  of 
diarrhea  or  dysentery.     The  following  results  were  obtained  : 

k  ankaki.i: 

Examination  of  sixty-two  patients. 

Number  showing  entamebas   (36)3  "><>  per  cent. 
Number  showing  flagelbio-   (48),  77  per  cent. 

No  attempt  was  made  to  classify  the  types  of  entamebas  encountered. 
The  flagellates  were,  in  the  large  majority  of  cases,  'i  i  nhomonas 
intestinalis. 

DUNNING 

Examination  of  fifty  patients. 

Numb  r  sliowin<:  entamebas,  46  per  cent. 
Number  showing  flagellates.  32  per  cent. 

At   this   institution,  also,  our  time   was   limited   and   no  attempt   was 

made  to  classify  the  t\  pee  of  entamebas.  In  most  instances,  the  organisms 
were  "resting"  or  encysted.  The  flagellatee  w<  re  Trichomonas  intestinalis. 
Th<  presence  <>!'  entamebas  and  other  protozoa,  pointed  ont  by 
Nichols  and  Siler  in  l!"i!».  has  Bince  been  exploited  by  Beveral  writers, 
notably  Long,  who  carries  his  views  to  the  extri  me  of  considering  pellagra 
;i  complication  of  amebic  dysentery.    We  conld  find  no  support  for  such 

;i  view  in  our  results  ;it   I'eoria. 

Careful  stool  examinations  were  also  made  of  the  patients  occupying 
tw<.  cottages  in  which  experimental  corn  ami  corn-free  diet-  were  insti- 
tuted and  carried  out  foT  a  period  of  one  yi  ar.  A  summary  of  the  results 
of  ;  iminations  ie  ae  follow  - : 


Number 

of 
Pati<  nta 


Showing 
Amebaa 


<  aaea  of 
Pellagra 

Show  in;: 

Amebaa 


(  .i-. •-,  of 
Pellagra 
Without 

Arnekis 


i  '  in  diet    .  .  .  . 

<  "in  free  dief 


59 
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To  add  light  relative  to  the  extent  of  protozoal  infection  in  the  state 
hospital  at  Kankakee,  Dr.  J.  T.  Books  examined  a  group  of  patients  on 
admission  and  again  a-t  a  later  date.  This  study  was  made  for  the 
purpose  of  determining  whether  the  infection  took  place  after  admission, 
and  whether  or  not  these  organisms  were  pathogenic.  Only  a  summary 
of  Dr.  Rooks'  work  is  here  appended: 

TABLE    11. — Protozoal   Infections   at   Kankakee 
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7 

Of  the  twenty-eight  showing  amebas  at  the  first  examination,  only 
eleven  were  available  for  the  later  investigation  and  in  these  amebas  were 
found  only  in  three  cases.  At  the  second  examination,  amebas  were 
found  in  eighteen  cases  which  had  previously  given  negative  results.  It 
should  also  be  noted  that  where  amebas  and  flagellates  were  found 
together  these  cases  have  been  included  also  in  the  totals  for  the  two 
types  of  organism  given  separately. 

Attention  was  also  paid  to  the  relationship  between  the  presence  of 
amebas  at  the  first  examination  and  the  action  of  the  bowels,  the  results 
being  given  below  in  percentages: 


No.  of 
Cases 

Normal- 
Stools 

Diarrhea 

1  Alternating 
Consti-      1     Diarrhea 
pation       I  and  Consti- 
pation 

28    1          75.0          1          10.7 

1                          | 

7.1 

7.1 

The  following  conclusions,  therefore,  seem  to  be  justified : 

1.  Of  181  recently  admitted  cases,  15.5  per  cent,  showed  amebas  in 
the  stools,  which  apparently  belonged  to  the  group  described  as  E. 
tctragena. 

2.  One  hundred  and  four  of  these  cases  re-examined  later  showed 
20.2  per  cent,  of  amebas. 
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3.  The  percentage  of  infected  individuals  apparently  increased  with 
the  term  of  residence  in  the  Kankakee  State  Hospital. 

4.  In  all  probability  the  majority  of  these  organisms  are 
non-pathogenic. 

BLOOD 

Results  of  blood  examinations  in  pellagra  have  been  published  by 
many  different  authors  without  the  demonstration  of  any  changes  which 
are  in  any  way  constant  or  characteristic.  Points  which  have  chiefly 
been  emphasized  in  regard  to  the  cytology  are  the  occurrence  of  a  high 

Table    12. — Results   of   Blood   Examinations 
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color-index  and  an  increase  in  the  proportion  of  mononuclear  leukocytes. 
Leukocytosis  has  occasionally  been  observed  but  as  a  rule  is  absent.  In 
reading  the  results  of  blood  counts  on  most  of  the  cases  examined  in 
this  state  it  must  be  remembered  that  we  are  dealing,  in  the  main,  with 
individuals  who  were  not  normal  before  the  onset  of  the  pellagra.  Blood 
changes  are  found  in  many  of  the  chronic  insane  and  this  fact  should  be 
borne  in  mind  in  considering  the  examinations  of  such  individuals  who 
subsequently  become  pellagrins. 

Table  13. — Blood  Examination  of  Pellageixs  Dubixg  the  Acute  oh  Subsiding  Stages 
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With  this  in  view  it  was  thought  well  to  tabulate  for  comparison  the 
blood  findings  in  a  group  of  individuals  suffering  from  chronic  mental 
disorder  and  comparable  in  that  respect  with  the  great  majority  of  avail- 
able pellagrins.  They  include  cases  of  senile  dementia,  dementia  praecox 
and  defective  mental  development.  The  results  of  twenty-five  such 
examinations  performed  by  Dr.  Addison  Bybee,  late  clinical  pathologist 
to  the  Psychopathic  Institute,  are  given  in  Table  1.  These  cases  were 
selected  for  the  reason  that  in  age,  type  of  mental  disorder  and  long 
residence  in  hospital  they  fairly  correspond  with  the  bulk  of  the  popula- 
tion of  the  Peoria  State  Hospital. 
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It  will  be  observed  that  in  twelve  of  these  the  color  index  is  normal 
or  slightly  above  in  spite  of  the  fact  that  some  of  these  show  a  diminished 
number  of  red  cells.     The  two  cas<  nting  the  smallest  number  of 

red  cells,  viz..  2,566,000  and  4.116,000  have,  respectively,  a  color  index 
of  1.11  and  1.04.  With  regard  to  the  proportions  of  the  different  vari- 
white  cells  it  will  be  seen  that  on  an  average  also  the  relative 
number  ol  large  mononuclear  leukocytes  and  transitional  cells  is  some- 
what high.    Attention  should  be  tailed  to  the  presence  of  eosinophilia  in 

ral  of  the  cas 

In  Table  13  will  be  found  the  results  of  eleven  examinations  made 
on  nine  different  patients  during  the  acute  or  subsiding  stages  of  pellagra. 

It  will  be  observed   that    in  five  of  these  the  color  index   is  at  or 

:tly  above  the  normal,  although  in  all  five  the  number  of  red  ci  - 
is  more  or  less  subnormal.  In  only  one  patient.  J.  V..  was  there  any 
leukocytosis.  This  patient,  reported  in  more  detail  below  (Case  ".').  was 
appanntlv  not  insane  before  the  onset  of  pellagra.  The  number  of 
leukocytes  Increased  a1  subsequent  examination-  from  16,920  to  20. 180 
]  i  r  c.mm.  The  attack  was  very  severe,  with  fatal  result,  and  at 
necropsy  no  evidence  of  any  septic  focus  was  found  to  account  for  the 
leukocytosis  with  absolute  and  relative  increase  in  the  polymorphonuclear 
leukocytes.  One  must  therefore  conclude  that  this  was  due  to  pellagra. 
Apart   from   I  all  other  patient-  have  shown  a  relative  lympho- 

cytosis and  thi  re  is  apparently  a  diminution  in  the  proportion  of  large 
mononuclear  leukocytes.  It  will  be  observed  thai  the  increased  number 
of  lymphocytes  was  not  limited  to  the  larger  varieties,  so  thai  it  cannot 
be  explained  by  differences  in  nomenclature  and  a  confusion  between 
large  lymphocytes  and  large  mononuclear  leukocytes.  Eosinophilia  is 
also  present  in  five  of  the  nine  cases.  In  one  of  these  patient-.  J.  X.. 
the  proportion  is  as  high  as  13.4  per  cent,  and  it  maj  be  noted  that 
this  patient   also  showed  amebas  in  t  The  eosinophilia,  how- 

ever, does   not   always  correspond   with   amebi  .    for   instance,   in 

J.  B.  ii"  amebas  were  found.  In  view  of  the  findings  in  Table  7.  how- 
ever, one  Deed  not  be  surprised  at  I  ares. 

A  blood  count  of  the  patient,  •'.  X..  made  eighteen  months  after  the 
disappearance  of  all  pellagrous  symptoms  at  a  time  when  the  patient 
was  apparently  in  good  health  and  had  had  do  recurrence,  gave  the  fol- 
lowing results:  Bed  cells,  1,720,000  per  c.mm.;  hemoglobin,  11.6  per 
cent.;  color-index,  0.87;  white  cells,  8,200  per  c.mm.,  of  which  50.5 
per  cent,  were  polymorphonuclear  neutrophils,  12  per  cent,  lymphocyt 
1.5  per  cent,  mononuclear  leukocytes  and  transitional  cells,  6  per  cent, 
ophila  and  1   per  cent,  basophils. 

Bi  sides  these  enumerations  Beveral  weeks  were  occupied  in  the  careful 
study  of  blood  both  in   the   fresh  state  and  aj  Dine  by  various 
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methods.  The  fresh  blood  was  examined  with  direct  illumination  and 
the  dark-field  illuminator.  The  stains  employed  have  been  those  of 
Jenner,  Giemsa,  Levaditi  and  methylene  blue.  In  no  specimen  has  any- 
thing been  observed  which  seemed  to  be  in  any  way  abnormal. 

Cultures  were  made  from  the  blood  in  several  cases  with  negative 
results,  except  in  one  instance,  J.  X.,  at  the  Kankakee  State  Hospital. 
In  this  case  a  large  motile  bacillus  was  obtained  which  grew  freely  but 
somewhat  slowly  on  all  media.  That  it  was  not  a  contamination  seemed 
to  be  proved  by  the  fact  that  the  organism  was  agglutinated  by  the 
patient's  serum.  Xo  clumping  was  obtained,  however,  with  the  sera 
of  other  pellagrins  or  healthy  individuals  and  the  bacillus  gave  no 
evidence  of  pathogenicity  even  in  large  closes  when  injected  into  a 
monkey  and  a  guinea-pig.  We  are  therefore  inclined  to  regard  this  as 
evidence  only  of  a  lowered  resistance  to  the  invasion  of  the  individual 
by  parasites. 

Similar  investigations  carried  out  at  Peoria  by  Captains  Xichols  and 
Siler  gave  results  which  are  reported  by  them  as  follows : 

Blood  cultures  and  spinal-fluid  cultures  were  made  from  ten  living  cases,  and 
cultures  from  the  spleen  were  made  in  sis  cases  at  autopsy.  In  every  instance  the 
results  were  negative. 

The  greater  portion  of  two  weeks  was  devoted  to  the  examination  of  fresh 
blood  and  spinal  fluid,  and  smears  from  the  blood,  spleen,  and  liver.  The  smears 
were  stained  with  the  Leishman  plychrome  stain,  with  Giemsa's  polychrome  stain, 
and  with  Mac  Neal's  polychrome  stain.  Nothing  whatsoever  suggestive  of  a 
protozoal  infection  was  encountered. 

Blood  cultures  were  made  on  blood-agar  (trypanosome  media),  the  results  in 
each  instance  being  negative. 

URIXE 

Specimens  have  been  examined  repeatedly  from  the  patients  trans- 
ferred to  Kankakee  from  Peoria  and  also  in  cases  arising  in  the  former 
institution.  Xo  constant  changes  have  been  found  with  the  exception 
of  a  very  marked  indican  reaction  which  was  present  in  all  and  can 
probably  be  correlated  with  the  intestinal  putrefaction.  In  a  few  instances 
a  trace  of  albumin  and  a  few  hyaline  casts  have  been  present. 

One  striking  feature  also  has  been  the  great  variability  in  quantity, 
color  and  specific  gravity  of  the  specimens  obtained  on  various  days 
from  the  same  patient.  In  the  case  of  J.  X.,  who  passed  through  a 
very  severe  attack,  these  variations  were  remarkable  and  are  recorded 
in  graphic  form  on  Chart  2.  It  should  be  stated  that  the  estimations 
of  chlorids,  phosphates  and  sulphates  were  made  by  the  Purdy  centrifuge 
method  and  hence  cannot  be  regarded  as  accurate.  Xevertheless,  since 
they  were  all  made  with  the  same  centrifuge  revolved  for  the  same 
length  of  time,  a  comparison  between  the  readings  for  the  different  days 
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is  quite  permissible.  These  results  cannot  be  regarded  as  indicating 
anything  more  than  evidence  of  great  disturbance  in  metabolism  and 
suggest  the  advisability  of  more  exact  study  of  the  exchanges. 


(  hart  2. — Showing  variation  in  quantity,  color  and  Bpeciflc  gravity  of  urine 
on  different  days  in  the  case  oi  J.  X. 

'I  in.    (  0UB8E    OF     I  in     DI81  \h: 

The  greal  majority  i  ave  shown  an  acute  course  with  radden 

.in.]  have  arisen  f<>r  the  mosl  pari  in  individuals  of  poor  physique, 
although  -"in*'  few  have  been  well  nourished  and  apparently  healthy. 
.\-  ;i  rule  tli<-  earliest  symptom  obsi  n  the  .-kin  eruption  on 

the  hands   with   simultaneous   or   rapidly   succeeding   Boreness   of  tii«> 
mouth  and  m<  diarrhea.    Tin-  acut<    phase  lasts  for  one  or 
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two  weeks  and  then  gradually  subsides  with  the  replacement  of  the 
erythma  by  a  thickened,  dry,  scaly  condition  of  the  skin  which  may 
last  several  weeks  or  even  months,  during  which  desquamation  occurs. 

A  certain  proportion  of  the  cases  have  begun  with  gastro-intestinal 
symptoms,  consisting  of  chronic  and  often  severe  diarrhea  with  more  or 
less  stomatitis.  At  this  stage  the  diagnosis  is  very  difficult  to  make  and 
cases  have  been  observed  in  which  these  symptoms  have  been  present 
for  one  or  two  months  before  the  appearance  of  the  characteristic  rash. 
The  eruption  has  appeared  suddenly  and  has  generally  been  very  severe 
with  marked  bleb  formation  and  ulceration.  These  cases,  in  our  experi- 
ence, have  been  extremely  fatal,  the  patient  rapidly  losing  flesh  and 
becoming  weaker.  We  are  inclined  to  regard  the  occurrence  of  severe 
mouth  symptoms  in  any  case  as  of  very  grave  import.  Nevertheless  in 
some  cases  in  which  death  has  seemed  to  be  only  a  question  of  a  few 
days,  improvement  has  occurred  with  an  apparently  complete  recovery. 
One  such  example,  J.  N.,  at  the  Kankakee  State  Hospital,  where  death 
was  momentarily  expected  in  the  spring  of  1910,  made  a  good  recovery 
and  has  had  no  recurrence  up  to  November,  1911,  being  apparently  in 
fully  as  good  health  as  before  the  attack.  This  patient,  though  not 
robust  was  nevertheless  in  a  good  state  of  nutrition  and  health  before 
the  onset  of  the  pellagra. 

Another  form  of  course  deserves  to  be  especially  mentioned  because 
it  touches  on  the  important  question  as  to  what  constitutes  pellagra 
and  when  it  may  be  considered  as  recovered.  In  these  cases  the  gastro- 
intestinal symptoms  are  usually  severe  and  there  is  consequently  progres- 
sive emaciation  and  exhaustion.  After  a  few  weeks  the  skin  lesions 
disappear  and  the  mouth  may  get  well,  diarrhea  becoming  less  or  even 
disappearing,  and  yet  the  patient  does  not  improve  or  only  slightly 
and  then  temporarily.  Without  any  recurrence  of  the  acute  symptoms 
of  pellagra  there  is  a  gradual  decline  with  increasing  evidence  of  involve- 
ment of  the  nervous  system  until  the  picture  becomes  unmistakably 
that  of  central  neuritis  which  ends  fatally  in  a  short  time  (See  case 
J.  V.  below). 

In  some  instances  these  symptoms  have  occurred  within  a  few 
days  of  the  subsidence  of  the  characteristic  pellagrous  phenomena  or 
even  while  they  are  still  present,  whereas  in  others  they  have  been 
delayed  for  several  months.  We  do  not  feel  justified  in  expressing 
any  definite  opinions  on  the  meaning  of  this  condition  but  it  may  be 
suggested  that  the  sequence  is  somewhat  similar  to  that  which  occurs 
in  diphtheria  in  which  a  peripheral  neuritis  follows  at  a  longer  or 
shorter  interval  after  the  actual  infective  agent  has  been  eliminated. 
Yet  it  is  unquestionably  due  to  the  action  of  the  toxins,  produced  by 
the   organisms,    on   the   peripheral   nervous    system.      In    pellagra   the 
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neuritis  is  more  particularly  central,  but  may  well  be  a  late  effect  of  the 
toxins,  whatever  their  nature,  as  in  diphtheria,  and  does  not  necessarily 
indicate  that   the  disease   is   still    active.     Pi  -        emaciation   and 

austion  after  the  subsidence  of  the  characteristic  manifestations  of 
pellagra,  have  been  noted  by  many  authors  and  have  beeD  regarded  by 
some  as  evidence  that  thi  -         -.ill  active.     We  are  una!)' 

whether  all  such  symptoms  of  central  neuritis  or  not,     - 

the  necessary  data  are  nut  available.    Attention  to  this  point  i-  certainly 
desirable,  as  it  offers  the  possibility  of  a  definite  explanation  for  I 
otherwise  puzzling  course. 

it  is  usually  stated  that   in   i  ifter  the   subsidence  of  an 

attack  the  patient  regains  his  health  mon  -  tely  end  may 

seem  to  he  entirely  recovered,  but  with  the  appearance  of  the  next  spring 
or  autumn  there  is  a  recrudescence  of  the  active  symptoms.     The  - 
time  during  which  cases  lave  been  undi  ration  in  this  state  renders 

it  impo  sible  to  give  any  very  reliable  data  concerning  this  question, 
hut  it  mi     lie  stated  thai  I  atients  -  in  L909 

and  1  i » 1  < »  have  not  presented  any  recurrence  up  to  date,  although  tl 
have  been  closely  watched.     The  actual  figures  are  given  in  the  statis- 
ticalstudy.    Of  the  six  cases  erred  from  thi    Peoria  to  the  Kankakee 

State  II  3pital  in  duly.  1910,     •  reason  that  they  i 

unquestionable  sympl  .  none  up  to  the  end  of  November, 

1911,  have  shown  any  fui  ther  ->  3  of  1  seas        (One 

patient-   died    from    pneumonia    April    15,    1911.)      The   best    marked 
of  annual   recurrence  was  seen   in   the  city  of    Peoria  >by   the 
courtesy  of   Dr.   J.   11.   Bacon,2  as   already   referred   to.     Thi-:   patient 
had   had  seven  attai  en  years  although  the  diagnosis  was  not 

made  until  the  seventh  and   fatal  attack   in   March,   1910. 

'  Finally  (here  ar<   to  be  mentioned  cases  which  present  a  much  more 
chronic  com--,    a-  regards  the  individual  attacks.     In  these  cases   I 
i-.  a-  a  rule,  hut  little  constitutional  disturbance  and  the  initial  erythema 

light  or  may  not   In-  seen  at   all.     Tl  -   rs,  however,  a  slowly 

increasing   pigmentation   with   Borne   thickening   and    i- 

m  of  characteristic  distribution,  symmetry  and  outline.  The  color 
in  i  ,-  becomes  extremely  dark,  often  almosl  black,  and  pers 

f,,r  some  months,  when   desquamation   occurs  and   the  Bkin   gradually 
a   more   normal   color.     Tin-   condition   has   only   rarely   b  en 

i  rve.l  among  the  cases  in  this  state  and  is  perhaps  more  difficult 
of  diagn  ecially  when   it   occurs   in  old   people,  than   the  more 

acute  Forms. 

p  \  i  inn  OOII   M.   II  N  Dl 

l  '  i tem  findings  in  90  far  as  they  have  ye<  been  worked  up 

described  in  detail  below  in  connection  with  the  <h--.rii.tion-  of  the 
While  it  cannot  be  .-aid  that  there  is  anything  specific  about  the 


PELLAGRA     IN     ILLINOIS  157 

changes  found,  yet  there  are  certain  features  which  seem  to  be  constant 
and  open  up  certain  more  or  less  definite  lines  for  future  search.  These 
may  be  summarized  as  follows : 

1.  The  nervous  system  presents  a  picture  of  axonal  chromatolysis 
involving  especially  the  Betz  and  larger  pyramidal  cells  of  the  precentral 
convolutions  and  the  cells  of  the  nuclei  in  the  cerebellum,  pons,  medulla 
and  cord  as  well  as  the  posterior  root  and  sympathetic  ganglia.  Besides 
these  changes  numerous  cells  in  most  cases  show  a  marked  pigmentary 
degeneration  of  fatty  nature  similar  to  that  found  in  the  senile  nervous 
system  and  in  some  other  conditions.  With  this  there  is,  in  most  cases, 
but  little  evidence  of  connective  tissue  reaction,  and  we  would  especially 
emphasize  the  absence  of  infiltration  of  the  perivascular  sheaths.  In 
some  cases  there  is  more  or  less  overgrowth  of  glia  cells  along  the  vessels 
and  around  the  nerve  cells.  The  picture  here  described  is  identical  with 
that  published  by  others,  notably  Spiller  and  Anderson,  in  cases  of  pel- 
lagra, but  is  also  strikingly  similar  to  the  picture  of  central  neuritis.  This 
similarity,  indeed,  led  us  to  ask  whether  the  patient  did  not  have  the 
clinical  picture  of  that  condition  before  we  were  aware  that  Dr.  Wilgus, 
superintendent  of  the  Elgin  State  Hospital,  had  already  observed  and 
commented  on  it. 

Central  neuritis,  like  peripheral  neuritis,  must  not  be  regarded  as  a 
disease  sui  generis,  but  merely  as  a  type  of  reaction  on  the  part  of  the 
nervous  tissue,  capable  of  being  produced  by  various  harmful  agents.  In 
response  to  a  letter,  Dr.  Adolf  Meyer,  who  first  described  the  changes 
which  bear  this  name,  writes  that  he  is  not  surprised  to  hear  that  they  are 
found  in  the  end  stages  of  pellagra  and  gives  the  interpretation  contained 
in  the  above  words. 

2.  The  liver  has  been  constantly  the  seat  of  small  islets  of  a  low-grade 
inflammation  of  the  portal  connective  tissue  lying  in  the  interlobular 
septa.  The  intralobular  capillaries  are  engorged  and  in  most  cases  there 
are  many  small  blood  extravasations.  The  liver  cells  have  undergone 
fatty  degeneration  which  is  in  some  instances  remarkable,  and  the  change 
is  distributed  in  every  case  along  the  periphery  of  the  lobule.  This,  in 
the  absence  of  any  marked  cirrhosis,  at  once  suggests  that  there  may  have 
been  some  toxin  circulating  in  the  portal  blood-stream.  Some  of  the 
specimens  even  suggest  a  picture  of  a  very  early  stage  of  acute  yellow 
atrophy  or  the  more  acute  forms  of  alcoholic  cirrhosis. 

3.  Intestinal  ulceration  has  been  present  in  three  out  of  seven  cases. 
This  has  not  the  acuity  of  an  amebic  infection  and  no  amebas  have  been 
found  in  the  walls.  Even  where  no  ulceration  was  found  a  low-grade 
infiltration  of  the  mucosa  and  submucosa  has  been  present  in  places. 
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These  findings  are  certainly  of  interest  in  relation  to  the  condition  of 
the  liver. 

■1.  The  kidneys  show  degenerative  changes  in  the  renal  epithelium  and 
in  all  cases  more  or  less  inti  rstitial  nephritis,  in  spite  of  the  fact  that  the 
ages  in  some  of  the  cases  is  certainly  not  great.  Engorgement  of  capil- 
laries with  small  hemorrhages  are  also  frequent. 

5.  The  spleen  shows  some  fibrous  overgrowth  and  again  small  hemor- 
rhage 9. 

G.  Pigmentary  changes  are  present  in  the  heart  muscle  at  an  age 
which  is  below  that  at  which  they  are  usually  found. 

7.  In  some  of  the  cases  hyaline  changes  in  the  intima  of  the  blood- 
vessels has  been  marked,  but  this  is  not  constant. 

All  these  appearances  suggest  the  presence  of  some  toxic  substance  in 
the  blood.  One  may  even  co  further  and  from  the  changes  in  the  intestine 
and  especially  in  the  liver,  suspect  that  this  toxin  originates  in  I 
intestine  and  enters  the  circulation  by  way  of  the  portal  Bystem.  The 
great  frequency  of  gastro-intestinal  "symptoms  during  the  clinical  course 
of  the  disease  might  be  regarded  as  pointing  in  the  same  direction.  There 
h  always,  however,  to  be  borne  in  mind  the  possibility  that  these  chai  _  ■ 
may  be  secondary  to  the  pellagra.  That  is  to  say.  that  as  tin'  result  of 
the  gross  disturbances  in  metabolism  and  vital  resistance,  which  certainly 
accompany  the  disease,  there  may  follow  a  secondary  invasion  of  the 
intestinal  tract  with  organisms  which  then  give  rise  to  the  changes  found 
by  virtue  of  the  toxins  elaborated  during  their  growth.  Secondary  changes 
such  as  this  would  l>c  quite  in  accordance  with  what  is  found   in  other 

If.  however,  we  look  for  evidences  of  the  localization  of  a  blood-borne 
parasite  in  other  parts  of  tin-  body  we  find  entirely  negative  results, 
nervous  Bystem  does  nol  presenl  any  features  Bimilar  to  1 1 1< -~o  found  in 

i  diseases  as  trypanosomiasis  or  parasyphilis.     The  absence  here  of 
any  focal  changes  am!  of  perivascular  infiltration. are  strikingly  different 
from  the  conditions  found  there.    The  picture  presented  is  much  more 
that  of  a  diffuse  toxic  Btate  than  of  one  due  in  a  blood  infection.    1 
mil  :n  which  there  bi  emed  to  be  any  localization  of  lesion  were  in 

the  intestinal  wall  and  the  liver.  In  this  latter  organ  the  areas  of 
infill  ration  present   in  the  interlobular  Bepta  wen  lly  local  ami 

often  widely  separated,  ami  where  found,  existed  in  the  form  of  mori 
circular  islets.    There  was  no  generalized  invasion  of  the  whole  of 
oective  tissue.    The  intensity  of  the  infiltration  was  certainly  <>{ 
low  grade  and  did  not  ~uLrLr, ,)  ;1  Verv  acute  inflammation. 

A-  already  indicated,  the  Btudy  of  degeneration  in  the  nervous  system 
i-  rery  incomplete,  hut  from  whal  has  been  Been  bo  far  there  i~  no  evidence 
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of  any  system  degeneration.  The  fibers  in  the  cord  which  stain  by  the 
Marchi  method  are  scanty  and  widely  scattered  and  there  is  nothing  to 
support  the  suggestion  made  by  Long  that  the  nerve  roots  are  pressed  on 
as  they  pass  through  the  intervertebral  foramina.  It  might  also  be 
mentioned  that  the  distribution  of  the  skin  lesions  does  not  correspond 
with  that  of  the  posterior  roots  of  the  cord.  The  perfect  symmetry  so 
characteristic  of  the  skin  lesions  in  pellagra  is  hardly  conceivable  as  the 
result  of  any  gross  nervous  lesion  and  suggests  far  more  some  generalized 
noxious  agent  which  is  capable  of  a  far  finer  biochemical  selective  power 
than  could  possibly  be  conceived  from  pressure  or  other  gross  lesion  of 
like  kind. 

Pellagra  is  sometimes  described  as  a  disease  especially  involving  the 
nervous  system.  From  the  findings  here  described  the  nervous  system 
seems  to  be  involved  only  as  a  secondary  process  and  at  a  late  stage  of  the 
disease,  in  this  respect  confirming  the  opinion  expressed  above  from 
clinical  study. 

Without  expressing  any  opinion  as  to  casual  relations,  it  seems  to  us 
that  the  main  indications  revealed  by  the  pathological  study  point  to  the 
need  for  closely  following  up  investigations  on  the  intestinal  tract.  At 
the  same  time  we  can  admit  that  this  habitat  would  not  contradict  the 
hypothesis  that  the  parasite  has  entered  the  system  through  the  blood 
stream  as  the  result  of  bites  by  insects. 

CASE    REPORTS 

Case  1. — Pellagra  in  a  Previously  Healthy  Woman  Which  Without  Improve- 
ment in  the  Specific  Symptoms  Led  to  Death  in  Three  Montlis. 

History. — A.  D.,  a  white  female,  aged  43,  seamstress  by  occupation  and  a 
widow.  She  is  said  to  have  been  a  healthy  woman,  though  always  in  poor  cir- 
cumstances and  during  the  last  few  months  has  had  a  hard  struggle  for  existence. 
She  has  four  living  children  and  had  one  stillbirth  but  no  miscarriages.  The 
menopause  occurred  five  years  ago.  Her  only  illnesses  during  adult  life  have 
been  gonorrhea  "several  years  ago"  and  malaria  "on  several  occasions."  She  had 
been  living  in  Corinth,  Mississippi,  for  "several  years"  until  June,  1910,  when  she 
came  to  Chicago,  where  she  has  been  since.  Previous  attacks  of  pellagra  are 
denied. 

Present  Illness. — Present  illness  began  in  October,  1910,  the  first  symptoms 
being  "chapping  of  the  hands"  with  diarrhea  and  progressive  emaciation.  The 
hands  became  raw  and  fissured  and  this  was  accompanied  by  pain  of  a  burning 
character.  Diarrhea  has  been  very  profuse  and  for  two  months  there  had  fre- 
quently been  blood  in  the  stools,  sometimes  in  the  form  of  clots.  The  mouth  also 
became  very  sore,  rendering  eating  difficult  and  there  was  profuse  salivation.  In 
spite  of  this  she  showed  a  craving  for  food,  the  ingestion  of  which  would  often 
give  rise  to  "cramps."  No  definite  mental  symptoms  have  been  noted  with  the 
exception  of  a  change  in  temperament,  in  that  she  was  more  fretful  and  irritable 
than  usual.     At  no  time  has  there  been  any  evidence  of  "wandering  in  her  mind." 

Examination. — She  was  admitted  to  the  Cook  County  Hospital  Jan.  12,  1911, 
under  the  care  of  Dr.  W.  A.  Pusey,  to  whose  courtesy  we  are  indebted  for  permis- 
sion to  use  this  case.  At  this  time  she  presented  an  extremely  emaciated  con- 
dition with  incessant  diarrhea.     Mentally  she  was  clear  and  remained  so  until 
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the  time  of  her  death,  but  was  listless  and  apathetic.     Some  degree  of  depression 
->  n.t  but  this  did  not  seem  to  exceed  the  limits  justified  by  her  condition. 
answered  questions  clearly  and  readily  and  her  memory  seemed  to  be  good, 
although  the  examination  was  not  very  thorough. 
%  On  the  hacks  of  the  hand-  extending  upwards  to  about   2   inches  above  the 
sts  and  forming  a  cuff  around  the  wrist  was  a  characteristic  pellagrous  erup- 
tion completely  symmetrical  on  the  two  sides.    The  skin  over  this  ana  was  deeply 
I  i'ji  ssured  and  excoriated,  with  yellowish  exudate  between  the  roots  of 

the  fingers.  The  mucosa  of  the  lips,  tongue  and  inside  the  checks  was  markedly 
red,  Bwollen  and  partially  denuded,  with  yellowish  exudation  where  the  lips  came 
in  contact  with  the  b 

diarrhea  continued  with  great  severity,  accompanied  sometimes  by  the 
--age  of  blood  and  the  patient  rapidly  became  weaker.  She  was  first  Been  by  us 
«  n  dan.  20,  1911,  at  which  time  she  was  so  weak  and  ill  that  an  exhaustive  exami- 
nation was  not  permissible.  She  rapidly  became  tired  when  talked  to.  the  swelling 
of  the  mouth  and  tongue  rendering  it  difficult  for  her  to  converse.  She.  however, 
seemed  to  be  clear  and  gave  some  details  concerning  her  illness  without  hesitation 
or  error.  She  was  not  unduly  depressed  hut  realized  that  she  was  dying  and  was 
very  willing  to  permit  any  examination  which  would  help  to  elucidate  the  disease 
which  -he  recognized  a-  being  Bomewhat  rare.  The  knee-jerks  were  greatly  exag- 
ted  hut  equal  on  the  two  sides,  yet  did  not  appear  to  he  more  marked  than  is 
.■  mmonly  found  in  advanced  exhaustion.  The  plantar  reflexes  were  both  of  flexor 
type.     Rougl   testing  revealed  no  gross  changes  in  sensibility  of  the  skin. 

Blood  was  taken   by  venipuncture  for  agglutination  and  complement   fixation 
ti-t-.    The  stools  were  also  examined  for  amebae  hut  none  were  found. 

Necropsy. —  Death  occurred  Jan.  ±2.  1911,  at  1:30  p.  m.  and  an  autopsy  was 
performed  the  following  day  at  11  a.  m.  At  this  time  the  pellagrous  eruption  was 
-till  well-marked  and  the  evidences  of  excoriation  in  the  mouth  were  quite  distinct. 
<  n  Bection  the  lunge  Bhowed  considerable  edema,  especially  at  the  bases.  There 
a  healed  calcareous  -ear  at  the  right  apex,  but  otherwise  no  change.  The 
pericardium  contained  some  excess  of  clear  fluid  hut  the  heart  and  vessels  showed 

rn  notable  changes.      The   heart   muscle   was   -oinewhat    thin   and   flabby   and   there 

-  no  by  pi  rtrophy  of  the  left  Bide.  , 

'1  In-  kidneys  Bhowed  Bome  evidences  of  early  chronic  interstitial  nephritis.    The 

adrenal  bodies  were  firm,  each  weighing  4  g. 

'I  he  spleen  was  larger  than  normal  (weight  200  gm.)  and  its  substance  Beemed 

to  be  unduly  firm,  hut  there  was  no  evidence  of  great  increase  in  fibrous  tissue. 

-    'I  he  intestinal  tract   appeared  normal  everywhere  with  the  exception-  of  the 

mucosa  < »f  the  mouth  and  the  lower  part  of  the  sigmoid  flexure  in  which  were  found 

about    ten    small,    roughly    circular,    ulcer-    from    2   to   S    mm.    in   diameter.      These 

ulcere  weie  all  Bituated  within  a  length  of  about  2  inches.    The  edges  were  some- 
•   heaped  up  but  not  undermined.     The  Burface  was  rough.     The  mesenteric 

elands  were  also  enlarged  hut  on  Bection  showed  an  approximately  normal  appear* 

ance.  v 

•||M.  liver  wa-  engorged  with  blood  and  it-  Bection  Bhowed  an  obviously  fatty 

•|  i|(.  pelvic  organs  presented  nothing  abnormal  but  the  mucosa  of  the  vagina 
was  very  red  and  somewhat  Bwelled,  especially  in  the  region  of  the  fornices. 

The  central  nervous  Bystem  presented  no  very  definite  changes,  with  the  excep- 
me  increase  of  Quid  over  the  convexity  of  the  brain. 

Portions    Of    all    Organs    were    removed    for    microscopical   examination,   and    one 

hemisphere  of  the  brain  was  sen!  to  the  University  of  Chicago  for  chemical  exami- 
nation by  Dr.  Waldemar  Koch. 

\ii.  BOB!  OPH  m    i  \  \min  \  i  tOH 

Lungs:  The  lungs  -how  nothing  abnormal  beyond  general  extreme  congestion. 

Heart:     Heart  muscle  -how-  no  Increase  In  fibrous  tissue.    The  blood  vessels 

,,,,.  ,  |  .  and  there  are  to  be  seen  small  extravasations  between  the 
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Chart  .'5. — Case  A.  D.  Nerve  cells  showing  chromatolysis  and  pigmentary 
changes;  (a)  from  Clarke's  column,  il>l  from  ant.  central  convolution,  (c)  from 
nnt.  eornu  in  cervical  region,  (d)   from  ]iu~t.  root  ganglion. 
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muscle  columns.  The  muscle  cells  stain  diffusely  with  a  granular  appearance.  In 
places  vacuoles  are  found  within  the  cells  and  in  many  of  them  there  are  small 
collections  of  greeenish-yellow  pigment  around  the  nuclei.  The  muscle  cells  also 
show  a  tendency  to  fragmentation. 

Kidneys:  The  capsule  is  moderately  thickened  and  there  is  some  increase 
of  fibrous  tissue  between  the  tubules  and  also  of  Bowman's  capsule.  There  is 
marked  congestion  of  the  vessels,  especially  in  the  medullary  rays,  with  here  and 
there  small  hemorrhages  which  are  more  numerous  close  beneath  the  capsule  and 
in  the  medullary  rays.  The  cells  of  the  convoluted  tubules  are  swollen,  granular, 
and  their  outline  is  indistinct,  while  their  nuclei  stain  rather  poorly  as  compared 
with  those  of  the  smaller  tubules.  The  glomeruli  are  congested  but  well  stained 
and  show  no  changes  in  the  vessel  walls.  There  is  no  denudation  of  epithelium. 
There  is  a  moderate  amount  of  small  round-celled  infiltration  close  beneath  the 
capsule  but  this  is  not  noticeable  elsewhere. 

Spleen :  Moderate  overgrowth  of  connective  tissue  involving  the  capsule  and 
trabecular.  The  pulp  is  engorged  with  blood  and  there  are  a  few  small  areas  in 
which  the  blood  cells  are  undergoing  disintegration,  which  probably  represent 
small  hemoirhages. 

Suprarenal  Glands:  The  cells  in  the  glomerular  layer  are  well  stained  but 
show  small  vacuoles  of  fat  which  become  more  marked  in  the  fascicular  layer.  The 
vessels  arc  all  engorged,  especially  in  the  fascicular  layer  where  there  are  several 
minute  hemorrhages.  A  similar  appearance  is  observed  in  the  reticular  layer. 
The  central  veins  are  widely  dilated. 

Liver:  The  capsule  is  slightly  thickened  and  there  is  a  very  moderate  increase 
of  fibrous  tissue  in  the  portal  canals.  In  this  latter  there  is  also  an  infiltration 
with  small  round  cells,  moderate  in  degree.  The  blood  vessels  are  extremely 
dilated  and  this  dilatation  becomes  greater  as  the  capillaries  approach  the  central 
veins  of  the  lobules,  in  many  places  the  width  of  these  capillaries  being  greater 
than  that  of  the  liver  ceil  columns  themselves.  Close  beneath  the  capsule  there 
are  a  numbei  of  small  extravasations  of  blood.  The  parenchyma  is  well  stained 
but  there  is  marked  fatty  degeneration  of  the  cells  around  the  periphery  of  the 
lobules,  many  of  the  cells  appearing  to  consist  of  a  large  fat  droplet.  In  some 
lobules  there  is  also  fatty  degeneration  of  the  cells  near  the  center,  although  this 
is  nowhere  very  marked.    The  bile-ducts  are  well  stained  and  not  increased. 

Pancreas.  The  pancreas  shows  a  marked  engorgement  of  the  blood-vessels 
with  very  slight  increase  in  fibrous  tissue,  but  otherwise  no  change. 

Intestinal  Ulcers:  Serial  sections  made  through  one  of  these  ulcers  showed 
a  somewhat  subacute  type  of  inflammation  with  increase  of  fibrous  tissue  elements 
and  moderate  small-celled  infiltration.  A  careful  search  was  made  for  the  pres- 
ence of  amebas  in  the  ulcer  wall  and  sections  were  submitted  to  Captain  Nichols 
of  the  Army  Medical  School,  Washington,  D.  C,  who  examined  them  in  collabora- 
tion with  Dr.  Neate,  microscopist  to  the  Museum  of  the  Army  Medical  School. 
They  report  that  they  ''have  been  unable  to  satisfy  ourselves  that  they  contain 
any  amebas.  The  general  picture,  too,  does  not  seem  to  be  active  enough  for  an 
amebic  ulceration." 

Besides  the  ulcers,  similar  infiltrations  of  the  submucosa  and  even  deeper  than 
the  muscularis  mucosa;  were  found  in  the  apparently  healthy  wall  of  the  intestine. 

Mesenteric  Lymph-Nodes:  These  on  section  showed  marked  engorgement  of 
the  vessels  with  blood  and  some  dilatation  of  the  lymph-spaces  but  there  appeared 
to  be  no  increase  of  connective  tissue  and  no  other  pathological  changes. 

Sections  of  the  ovary  and  tonsil  revealed  nothing  worthy  of  special  note. 

Central  Nervous  System:  The  pia  mater  showed  no  changes  either  with  regard 
to  its  connective  tissue  or  blood  vessels. 

Nerve  Cells  (Fig.  3):  Sections  were  examined  from  various  regions  of  the 
cortex  and  also  from  different  levels  in  the  cord  and  medulla.  Stained  with 
methylene  blue  and  cresyl  violet,  marked  chromatolytic  changes  of  an  axonal 
type  were  found  in  the  large  pyramidal  cells  of  the  rolandic  region  but  especially 
of  the  Bctz  cells.     Of  these  latter   practically   all  show  extreme  changes.     The 
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C(  II-  are  swollen  and  stain  faintly,  the  nucleus  i-  displaced  and  the  nucleolus  often 

as  poorly.  The  Nissl  granules  have  largely  disappeared,  -mall  collections  of 
them  remaining  at  the  base  of  the  larger  processes,  along  the  edges  of  the  cells, 
and  often  collected  as  a  small  mass  around  the  nucleus.  Very  many  of  these  cells 
shdw  masse*  of  a  yellowish  green  pigment,  sometimes  almost  filling  the  larger 
part  of  the  cell.  This  pigment  tain-  Mack  with  osmic  acid.  The  large  pyramidal 
cells  Bhow  somewhat  similar  changes,  especially  in  regard  to  the  pigmentation; 
hut  the  chromatolytic  changes  are  not  so  marked  and  many  healthy  cells  are  still 
1  resent. 

I  i  other  regions  of  the  cortex  an  occasional  larger  pyramidal  coll  is  found 
showing  evidences  of  chromatolysis  but  they  are  nowhere  very  marked.  The  Pur- 
kinje  cells  of  the  cerebellum  shew  generally  a  somewhat  poor  content  of  chromo- 
pliil  granules  but  are  not  otherwise  changed.  The  dentate  nucleus  shows  many 
cells  with  chromatolj  sis. 

In  the  medulla  oblongata  the  cells  of  practically  all  nuclei  Bhow  marked 
chromatolytic  and  pigmentary  changes,  especially  in  the  larger  types  of  cells. 

In  the  spina]  cord  similar  changes  are  found  in  some  anterior  horn  cells  at  all 
levels  examined,  but  the  great  majority  of  these  cells  appear  healthy.  The  most 
marked  changes  were  found  in  the  cells  of  Clarke's  column  where  the  majority  <>f 
tbem  were  undergoing  chromatolysis  and  pigmentary  degeneration.  Chromatolytic 
changes  were  also  found  in  the  cells  of  the  posterior  root  ganglia.  In  specimens 
stained  by  the  Marchi  method  the  pigment  deposits  both  in  anterior  horn  and 
Clarke's  column  cells  are  very  evident. 

Marchi  .Method:  Brain  sections  by  this  method  have  not  ye(  been  studied 
but  in  the  spinal  cord  there  are  a  few  degenerated  fibers  scattered  diffusely 
through  the  white  matter.  This  does  not  especially  involve  the  pyramidal  tracts. 
Pegenerated  fibers  are  al-o  present  in  both  anterior  and  posterior  spinal  roots. 

<;lia  and  V<  --  :- :  The  absence  of  any  increase  of  glia  cells  is  very  st  riking.  Not 
more  than  one  or  two  satellite  cells  are  found  in  relation  with  the  degenerated 
criN.  ;,nd  (ilt.  Lr]j;,  nuclei  a  re  nowhere  more  numerous  than  normal  except  possibly 
around  some  of  the  larger  vessels.  The  cerebral  vessels  show  in  places  a  Blight 
increase  of  the  adventitial  nuclei  but  there  i-  absolutely  m>  infiltration  of  the  peri- 
vascular sheaths.  This  is  true  in  all  sections  examined  and  certainly  form-  a 
striking  contrast  to  the  pictures  seen  in  syphilis,  parasyphilis  and  trypanosomiasis. 

Attention  may  also  be  called  to  the  large  number  of  corpora  amylacea  which 
are'present  in  the  spina]  cord,  situated  especially  along  the  course  of  the  postero- 
lateral -epta  and  along  the  borders  of  the  anterior  fissure.  In  these  regions  as 
many  as  ten  or  twelve  ma\  be  Been  in  the  field  of  a   I  mm.  objective.    When  the 

of  this  patient  |  13  years)  is  considered  the  pigmentary  changes  and  corpora 
amylacea  must  be  regarded  as  definitely  pathological. 

Chemical  examination  of  the  right  cerebral  hemisphere  by  Waldemar  Koch, 
Ph.D.,  of  the  University  ol  Chicago  Bhowed  a  diminution  of  the  neutral  Bulphur 
fraction  without  change  iu  the  total  sulphur.  Such  a  condition  as  this  has  been 
found  hitherto  onlj  in  the  brains  of  individual-  who  have  Buffered  from  dementia 
pi.icox.    There  was  no  change  in  the  phosphorus  content. 

1  ■      Pellagra  in  <i  Patient  of  henoid  Personality  Accompanied  by 

it    orientation,  Perplexity  and  Bonn  i  tcith  Hallucinosis,    Generalized  Erup 

tion  One  Month  Ifter  '>•  et  Di  appearand  of  ictive  Pellagrous  Symptoms  and 
Simultaneous  Mental  Improvement  But   Without  General  Recovery.    Development 

i     itral  Veuritis  Two  Honths  Later.    l><*iih  Four  Mouths  After  Onset, 

J,  v.,  white  female,  housewife,  aged  67,  married. 

Family  History.     Thia  er,  but  Bhowed  nothing  of  importance. 

Personal  History,  Information  concerning  her  early  life  was  not  obtainable 
Within  one  week   of  her   marriage  at    th<  10   she  was  noticed   to  have 

psychasthenoid  symptoms.  She  has  had  a  verj  hard  life,  having  to  assist  In 
earning  a  maintenance  for  her  family  of  tour  children.  Her  husband  left  her  In 
1005  to  take  up  some  laud  in  Wisconsin,  the  patent  after  much  querulous  hesita- 
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tion  refusing  to  live  there  with  him,  not  because  there  was  any  quarrel  but 
because  she  could  not  stand  the  desolate  surroundings.  During  the  whole  of  her 
married  life  she  was  irritable,  unable  to  make  up  her  mind  to  do  things  and  would 
worry  over  them  when  they  were  done.  Such  hesitation  and  indecision  have  char- 
acterized all  her  acts,  even  in  relation  to  minute  details,  such  as  cooking  food,  etc. 

She  has  lived  at  Mazon  in  Grundy  County,  Illinois,  ever  since  her  marriage, 
with  the  exception  of  a  short  visit  to  her  husband  in  Wisconsin  and  to  a  daughter 
in  Kansas  City,  Missouri.  She  returned  from  this  latter  trip  about  December, 
1909,  and  has  been  living  in  Mazon  since.  She  has  been  a  semi-invalid  for  manv 
months  anc?  was  operated  on  in  October,  1910,  for  a  fistula  and  ischio-recta'l 
abscess.  She  was  more  irritable  and  unable  to  make  up  her  mind  during  this  time 
than  before  but  there  were  no  other  definite  evidences  of  mental  disturbance. 

Xo  history  of  any  eruption  suggestive  of  an  attack  of  pellagra  in  the  past 
could  be  obtained. 

Present  Illness. — At  the  end  of  April,  1911,  she  developed  an  "eczema"  of  the 
hands  with  severe  diarrhea  and  about  the  same  time  she  seemed  to  go  "out  of  her 
mind."  She  did  not  know  at  times  where  she  was  and  spoke  of  seeing  smoke 
around  the  house.  She  recognized  people,  however,  and  seemed  better  when 
visiting  in  other  homes  than  she  did  in  her  own.  She  became  rapidly  weaker, 
more  fretful  and  seemed  more  dazed.  Xo  evidences  of  apprehension  or  further 
hallucinosis  were  noticed. 

Physical  Examination. — She  was  admitted  to  the  Kankakee  State  Hospital 
May  13,  1911,  when  she  was  found  to  be  much  emaciated,  with  a  well-marked 
pellagrous  eruption  on  the  hands,  severe  diarrhea  and  raw,  swelled  tongue  with 
much  gingivitis. 

Physical  examination  revealed  no  signs  of  other  disease.  The  reflexes  were 
increased  equally  on  the  two  sides,  the  plantars  being  of  flexor  type.  All  move- 
ments were  very  feeble  and  there  was  some  tremor  of  the  fingers. 

Mental  examination  showed  her  to  be  depressed  and  somewhat  clouded.  She 
was  very  restless  and  seemed  anxious  and  worried.  She  mistook  nurses  for 
people  whom  she  had  known  before,  and  answered  most  questions  with  "I  don't 
know."  She  performed  a  number  of  acts  of  perplexity,  such  as  pulling  off  her  bed 
clothing  and  piling  it  on  the  floor,  and  she  wandered  about  in  a  dazed  manner. 
The  pellagrous  eruption  on  the  hands  was  of  extremely  dark  color,  some  fissures 
were  present  about  the  knuckles  and  desquamation  was  marked  at  the  time  of 
admission.  The  eruption  rapidly  disappeared,  desquamation  being  practically 
complete  by  the  middle  of  June,  leaving  a  pink,  rather  delicate  looking  skin. 
The  sore  mouth  also  improved  and  was  well  in  about  one  week  after  admission. 
Diarrhea  was  severe  during  May  but  disappeared  after  that  time,  when  she 
became  more  or  less  constipated,  with  only  one  day  in  which  there  were  four  stools 
which  could  not  be  accounted  for  by  purgatives. 

May  23,  1911,  there  developed  a  red,  blotchy  eruption  on  the  arms,  which 
rapidly  extended  over  the  whole  body,  including  trunk  and  lower  extremities  and 
was  regarded  as  a  generalized  pellagrous  eruption.  In  the  course  of  a  few  days 
this  rash  turned  brown  and  began  to  desquamate.  Most  of  it  had  disappeared, 
leaving  a  healthy  looking  skin,  within  three  or  four  weeks,  but  some  desquamation 
was  still  present  on  the  lower  extremities  at  the  time  of  death. 

The  confused,  depressed,  irritable  state  which  was  present  on  admission  dis- 
appeared about  the  beginning  of  June,  the  period  of  delirium  appearing  to  coin- 
cide with  the  acute  pellagrous  symptoms.  After  this  time  the  patient  became 
more  cheerful,  talking  freely  and  gave  a  good  account  of  her  life  without  evidence 
of  any  mental  dilapidation.  There  were,  however,  periods  for  two  or  three  days 
at  a  time  in  which  she  would  become  depressed,  entirely  inaccessible,  asking  to  be 
left  alone,  refusing  food  and  saying  she  wished  to  die,  but  there  was  no  recur- 
rence of  clouding  of  consciousness  at  these  times.  She  explained  these  episodes 
b\   saying  she  felt  so  ill  and  wanted  to  go  home  to  die. 


164  TEE     ARCHIVES     OF     INTERNAL     MEDICINE 

Evidences  of  involvement  of  tli^  nervous  system  gradually  increased  through- 
out the  illness.  The  deep  reflexes  became  more  and  n  ed  until  ankle 
clonus  of  short  duration  could  be  obtained  on  both  aides.  The  Gordon  paradoxical 
reflex  appeared  <m  both  Bides  and  finally  a  bilateral  Babinski  phenomenon.  With 
tiiis  there  was  progressive  weakness  and  wasting  of  muscle  quite  generally 
throughout  the  body. 

Dizziness  was  a  marked  feature  throughout  the  illness  and  -In-  occasionally 
fell  out  of  bed,  apparently  ;>-  the  result  of  vertigo.  In  walking  Bhe  was  extremely 
unsteady  and  Bomewhat  .-pa-tic.  Bhowing  a  constant  tendency  t<>  fall  towards  the 
left 

No  <:r<»--s  changes  in  skin  sensibility  were  detected,  with  the  exception  that 
during  the  last  two  weeks  of  her  life  there  seemed  to  be  Bome  blunting,  bul  Bhe 
was  too  ill  to  give  much  attention.  At  the  time  of  the  generalized  eruption  there 
was  quite  definitely  increased  tenderness  of  the  muscles  and  nerve  trunks  which, 
however,  disappeared  in  a  few  days. 

During  the  last  two  weeks  of  her  life  there  appeared  jactatoid  movements 
involving  at  firsl  the  four  extremities,  which  became  rapidly  more  and  more 
violent  extending  even  to  the  facial  muscles,  the  lips,  eyeballs  and  respiratory 
muscles.  Accompanying  tin-  was  an  increasing  tonic  spasm  of  all  muscles  with 
Blight  retraction  <»f  the  head.  The  jactatoid  movements  were  sometimes  so  severe 
as  to  raise  the  patient  completely  off  the  bed.  During  this  last  two  weeks  -he 
seemed  to  be  clear,  to  take  an  interest  in  the  presence  of  her  daughter  and  son, 
but  -he  often  complained  of  an  extreme  "dizziness  and  sometimes  of  noises  in  the 
like  "flies."  There  was  no  vomiting  at  any  time  but  the  patient  complained 
..i  nausea  and  eructations. 

Blood:     The  blood  was  examined  repeatedly  both  fresh  and  stained  but  im 

abnormal  bodies  were  noted.    Bl I  counts  Bhowed  a  moderate  degr< f  secondary 

anemia,  the  red  cells  numbering  from  1,640,000  to  1,148,000  per  cmm.,  the  hemo- 
globin being  estimated  at  85  per  cent.  The  white  cells  at  the  first  examination 
numbered  16,920  per  cmm.  and  increased  to  20,480  at  the  end  of  June.  All 
through  there  was  an  increase  of  polymorphonuclear  leukocytes  which  comprised 
75  to  79  per  cent,  of  the  total.  Small  lymphocytes  15  to  19  per  cent.,  large  lympho- 
cytes -1  to  ."»  per  cent,  and  eosinophils  1  to  2  per  cent.  No  abnormal  white  cells 
,.,,,   red  cells  were  observed. 

Urine :  Urine  examination  on  Beveral  occasions  presented  do  abnormalities  and 
the' stools  were  searched  three  times,  after  administration  of  calomel  and  mag- 
nesium sulphate,  for  the  presence  of  protozoa.  Active  flagellates  <>f  the  type  of 
Trichomonas  intestinalis  were  present  each  time  bul  no  amebas  were  found. 

Necropsy. — Death  occurred  al  B:30a.  m.,  Augusl  17.  1911, and  an  autopsy  was 

performed' a1   10:30  a.  m.  the  same  day.    At  tl samination  the  body  was  found 

tu  |M.  extremely  emaciated.    The  lungs  Bhowed  nothing  abnormal  with  the  excep- 

t ,,f  passive  congestion  and  Borne  Bears  of  healed  tuberculosis  at  both  apices. 

The  bear!  Bhowed  nothing  abnormal.  There,  was  a  moderate  amounl  of  Bclerosis 
in  the  aoi  t.i. 

The  kidneys  presented  a  Blight  amounl  <>f  Interstitial  nephritis.  Spleen  was 
injected  hut  appeared  otherwise  normal.    The  Buprarenal  eland-  Bhowed  nothing 

abnormal. 

II,,.  L,:,  tu.  intestinal  trad  was  normal  with  the  exception  <d  three  small  ulcers 
in  the  lower  part  "f  the  ileum  jn-t  above  the  ileocecal  valve.  These  ulcers  were 
punched  ou<  with  some  heaping  up  at  the  margins  but  no  undermining,  and 
appeared  t<.  he  healing 

The  liver  was  engorged  with  blood  and  had  a  fatty  appearance.  Pelvic  organs 
v ,.,.,.  normal  with  He-  exception  of  a  submucous  fibroid.  The  brain  weighed  1,190 
em.  There  was  microgyria  of  the  frontal  and  t"  ■>  less  extenl  of  the  occipital 
lobes.  The  vessels  Bhowed  some  ilighl  opacities  and  were  Injected.  Portions  of 
:iil  organs  were  removed  for  examination  microscopically  and  one-half  of  the 
drain  was  placed  in  alcohol  for  chemical  analysis. 
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MICROSCOPIC   EXAMINATION 

Lung.':  The  lungs  show  an  increase  of  fibrous  tissue  with  thickening  of  tho 
vessels  and  moderate  anthracosis. 

Heart.  Heart  muscle  shows  some  tendency  to  fragmentation  but  no  fatty 
change.     Some  cells  show  pigmentation  about  the  nuclei. 

Kidneys:  The  capsule  is  thickened  and  there  is  some  fibrous  tissue  between 
the  tubules.  The  vessels  are  all  engorged  and  a  few  small  hemorrhages  are  scat- 
tered throughout.  In  places  the  arteries  show  marked  hyaline  degeneration.  The 
glomeruli  are  small,  the  spaces  about  them  dilated  and  the  capsule  of  Bowman 
thickened.  Some  of  the  glomeruli  show  a  marked  increase  in  connective  tissue 
nuclei.  Beneath  the  capsule  many  areas  show  a  moderate  small-celled  infiltration. 
The  epithelium  of  the  tubules  for  the  most  part  is  well  stained  but  in  places  that 
lining  the  convoluted  tubules  appears  swollen  and  finely  glandular.  Many  of 
the  tubules  contain  a  hyaline  material  and  a  few  some  epithelial  cells. 

Spleen:  Capsule  thickened  with  corresponding  increase  in  the  fibrous  trabecular 
The  organ  is  much  congested  and  there  are  several  hemorrhages  with  dark  blood 
pigment. 

Liver:  The  capsule  is  moderately  thickened  and  there  is  a  general  increase  in 
fibrous  tissue  of  the  portal  canals.  Around  some  of  the  smaller  vessels  in  the 
portal  canals  there  is  also  an  infiltration  with  small  round-cells.  These  stand 
out  as  rather  widely  separated  islets  in  the  section.  The  whole  organ  is  markedly 
congested  and  there  are  a  number  of  small  hemorrhages  especially  beneath  the 
capsule.  The  congestion  of  the  lobules  increases  as  the  central  vein  is  approached 
and  here  the  columns  of  liver  cells  are  widely  separated.  The  liver  cells  stain  well 
but  there  is  extreme  fatty  degeneration  of  patchy  distribution  especially  at  the 
periphery  of  the  lobules.  Some  of  the  cells  nearer  the  central  vein  also  show  the 
fatty  change,  but  to  a  less  extent.  The  patchy  distribution  of  this  fatty  change 
and  of  the  small  celled  infiltration  are  striking  and  the  same  may  be  said  of  the 
capillary  engorgement  of  the  lobules,  although  this  latter  is  more  constant  than 
the  other  two.     The  bile  ducts  are  well  stained  and  show  no  increase. 

Pancreas:  There  is  moderate  increase  of  fibrous  tissue  in  the  pancreas  and  a 
few  small  hemorrhages  are  seen.  Islands  of  Langerhans  normal  in  number  and 
appearance. 

Small  Intestine:  Unfortunately  no  sections  were  obtained  from  the  ulcers 
ol. served.  The  tissue  containing  them  was  badly  fixed  and  could  not  be  cut. 
Sections  from  other  parts  of  the  small  intestine  showed  engorgement  with  blood 
and  small-celled  infiltration  of  the  mucosa  and  submucosa  in  irregular  patches 
similar  to  those  described  in  Case  A.  D. 

Thyroid  Gland:  This  showed  increased  fibrous  tissue  with  some  epithelial 
hyperplasia ;  marked  engorgement  with  blood. 

Nervous  System:  Nerve  cells;  widespread  chromatolysis  of  axonal  type  with 
marked  pigmentary  changes  are  found  involving  especially  the  larger  elements. 
Pigmentary  changes  are  present  even  in  the  medium  sized  pyramidal  cells.  These 
changes  are  most  marked  in  the  rolandic  regions  but  are  present,  though  to  a  less 
extent,  in  other  regions  examined.  Many  of  the  cells,  especially  among  the  smaller 
elements  also  show  a  diffuse,  dark  staining  which  with  the  heaping  up  of  satellite 
cells  suggests  the  existence  of  a  more  chronic  type  of  cell  change.  Similar  changes 
are  present  in  the  Purkinje  cells  and  the  cells  of  the  posterior  root  and  sympathetic 
ganglia 

The  fatty  changes  are  very  obvious  in  specimens  stained  with  Scharlach  both 
in  the  central  system  and  in  the  sympathetic.  Marchi  specimens  have  not  yet 
been  examined. 

Clia  and  Vessels:  Contrary  to  the  findings  in  the  case  of  A.  D.,  there  is  marked 
increase  in  the  number  of  glia  nuclei  in  all  regions  of  the  brain.  In  many  places 
the  satellite  cells  form  heaps  and  some  of  the  vessels  are  bordered  by  solid  rows 
of  such  nuclei.  Glia  nuclei  are  present  in  large  numbers  in  all  layers  of  the 
brain  cortex  and  are  increased  also  in  the  white  matter. 
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The  adventitial  sheaths  of  the  arteries  Bhow  multiplication  of  the  nuclei  and 
there  is  in  places  a  proliferation  of  the  intima.  The  perivascular  sheaths  present 
very  Blight  cellular  infiltration  and  Scharlach  -tain--  Bhow  the  presence  of  numer- 
ous fatty  granules  contained  within  cells. 

<  a.se  •'!. — Pellagra  in  <>  Woman  Suffering  from  n  Manic-Depressive  Psychosis. 
Death  One  Month  after  Onset  with  Symptoms  of  Central  Neuritis. 

History. — A.  S.,  white  female,  aged  36,  widow,  she  was  a  native  of  Scotland 
and  bul  little  information  was  available  concerning  her  previous  Life.  She,  with 
her  husband,  adopted  the  religion  of  Dowie  when  in  Sent  land  and  have  lived  in 
Zion  City  for  -ix  or  seven  years.  They  have  been  in  fair  circumstances  and  suc- 
ceeded in  purchasing  a  home.  In  1908  when  the  husband  was  ill  the  patient  had 
an  attack  of  excitement  of  manic-like  character  lasting  a  few  weeks.  Her  husband 
died  about  the  end  of  1908  and  she  apparently  had  an  attack  of  depression  lasting 
about  one  month,  but  was  able  to  perform  her  housework.  At  the  end  of  June, 
1910,  she  again  became  restless  and  excited,  with  heightened  mood.  When 
admitted  to  the  Elgin  State  Hospital  July  21,  l'.»lo.  she  presented  no  evidences  of 
Bomatic  disease  but  was  exalted.    Her  thoughts  and  acts  were  strongly  colored  by 

her  religious  views,  with  some  self-appreciation  and  she  was  somewhat  relic--. 
in  October  she  became  more  excited.  Binging  and  dancing,  interfering  with  others, 
i::  all   this  giving  explanations  on  the  hasis  of  her  religious  exaltation. 

A  pellagrous  eruption  with  emaciation  and  diarrhea  were  noted  in  May.  1911, 
and  she  died  dune  20,  1911,  after  a  period  in  which  muscular  rigidity  with  jacta- 
toid  movements  with  diarrhea  were  noted. 

The  autopsy  was  performed  by  Dr.  II.  Smith  about  21  hours  after  death. 
Unfortunately  no  record  of  the  gross  findings  is  available. 

Mil   BOS)  OPIC    I   8  \  Ml  NATION 

Liver:  The  liver  shows  no  definite  increase  of  fibrous  tissue  either  in  the 
capsule  or  interlobular  septa.  The  vessels  and  intralobular  capillaries  are 
engorged,  the  latter  especially  in  the  region  of  the  central  veins.  Numerous  small 
extravasations  of  blood  are  present  within  the  lobules.  Marked  fatty  degenera- 
tion of  the  liver  cells  at  tin'  periphery  of  the  lobules  is  present  and  there  '.ire  many 
islets  of  infiltration  with  -mall  round  cell-  of  low  grade  of  intensity  in  the  inter- 
lobular septa. 

•  Kidneys:  The  capsules  are  thickened  and  fibrous  tissue  is  increased  around 
the  vessels,  between  the  lobules  and  in  Bowman's  capsules.  The  vessels  are 
engorged  and  there  are  -mail  hemorrhages  Bcattered  throughout,  bul  especially 
in  the  medullary  rays.  'I  he  glomeruli  are  well  stained  with  aome  increase  of  con- 
nective tissue  nuclei  ami  are  Burrounded  by  a  widened  space,  'lie'  Becreting 
tubules  show  Bome  swelling  of  cells  with  diffuse  Btaining  ami  indistinctness  of 
outline  while  many  contain  an  albuminoid  material.  „ 

Heart:  'II"'  heart  muscle  -how-  thickening  of  vessel  walls  with  pigmentary 
changes  in  the  muscle  cells.  v 

Spleen:     The  Bpleen  presents  moderate  thickening  of  capsule  and  trabecular 

v,  ith    here  and    there   -ma  II    liemoii  bagi 

Pii ii L.- ;  'i  lie  lungs  -lew  man]  alveoli  filled  with  a  homogeneous  material  -tain 
in"  very  faintly  with  eosin  which  sometimes  contains  no  cellular  element-  but  fre- 

QUently  numerous  red  hi I  cell-  and   here  and   there  -hed  epilheliiim.      There  i-  no 

leukocytal  infiltration  '"  suggest   pneumonia. 

Suprarenals:     In  the  suprarenal  glands  the  vessels  of  the  inner  layers  of  the 

cortex  ami  of  the  medulla  are  extremely  engorged  with  hi I.    The  parenchyma  is 

ranch  degenerated  ami  in  many  place-  the  cells  do  not  stain  at  all.  being  repre 
nited  only  l.y  a  granular  detritus. 

Nervous  System:     The  nervous  system  in  this  case  ha-  not  yel  been  worked 

up.    Sections  from  the  cortex  -tain  badly  with  the  Nisal  -tain-  Bhowing  hut  little 

differentiation  of  the  granules.     Nevertheless  manj  of  the  larger  pyramidal  cells 

i,,,w  swelling  wiiii  diffuse  coloration  of  the  nucleus  which  i-  irregular  in  outline 
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find  displaced  to  the  periphery  of  the  cell.  These  changes  are  also  very  marked 
in  the  cells  of  the  dentate  nucleus  of  the  cerebellum.  Pigmentary  changes  have 
not  been  observed  in  anything  like  the  same  degree  seen  in  the  other  cases.  There 
is  a  moderate  increase  of  glia  nuclei  along  the  walls  of  the  vessels  but  not  else- 
where. The  vessel  walls  show  moderate  increase  of  adventitial  nuclei  but  no  peri- 
vascular infiltration. 

Case  4. — Pellagra  in  a  Man  with  Advanced  Arteriosclerotic  Changes  and 
Dementia.    Death  8ix  Weeks  after  Onset  icith  Central  Ne^lritis, 

History. — F.  M.,  white  male,  blacksmith,  said  to  have  been  insane  since  1901 
and  to  have  had  a  previous  attack  in  1SS6.  He  was  admitted  to  the  Elgin  State 
Hospital  in  1904  at  the  age  of  07.  He  then  showed  some  loss  of  memory  and 
derogatory  delusions.  He  was  depressed  and  cried  easily,  refused  food  and  threat- 
ened suicide.  His  physical  health  was  poor  and  he  suffered  from  hemorrhoids. 
He  gradually  failed  in  strength. 

Pellagrous  eruption  with  diarrhea  developed  in  June,  1911,  which  improved 
in  July,  but  he  became  worse  again  July  10  and  died  July  1G  without  further  acute 
symptoms  of  pellagra,  but  with  signs  of  central  neuritis. 

Necropsy. — At  the  necropsy  the  pellagrous  pigmentation  was  still  present  and 
the  body  was  much  emaciated.  The  brain  showed  some  atrophy  of  the  cortex 
and  atheroma  of  vessels.  The  lungs  showed  hypostatic  congestion  and  healed 
tuberculosis  at  the  right  apex.  The  coronary  vessels  were  sclerotic  but  there  were 
no  other  cardiac  changes.  The  spleen  and  kidneys  were  reported  to  present  no 
changes.  The  liver  was  firmer  than  normal.  In  the  large  intestine  were  a  number 
of  circular  ulcers  chiefly  in  the  transverse  and  descending  colon.  They  were  from 
3/«  to  y*  inch  in  diameter. 

MICROSCOriC   EXAMINATION 

Microscopically  the  principle  changes  are:  Marked  engorgement  of  the  vessels 
of  the  liver  with  moderate  fatty  degeneration  of  the  cells  at  the  periphery  of  the 
lobules.  The  connective  tissue  is  but  little  if  at  all  increased.  Small  hemorrhages 
are  present  in  places.  The  kidneys  show  chronic  interstitial  nephritis  with  the 
formation  of  small  sub-capsular  cysts.  Small  extravasations  of  blood  are 
present,  especially  beneath  the  capsule.  The  tubules  stain  poorly  and  many  con- 
tain an  albuminoid  material  and  in  places  epithelial  cells.  The  pyramids  are 
markedly  congested  and  many  vessels  show  hyaline  change,  some  being  occluded. 
The  spleen  shows  some  increase  of  fibrous  tissue  and  there  are  small  scattered 
hemorrhagic  areas.  The  arteries  show  some  hyaline  change  of  the  intima.  The 
intestinal  ulcers  extend  down  to  the  submucosa  and  show  a  moderately  acute 
small-celled  infiltration.  No  amebas  were  found.  Areas  of  infiltration  with  small 
rcund-cells  are  also  present  apart  from  the  ulcers  and  extend  even  into  the 
muscularis 

Nervous  System:  In  this  case  the  picture  is  complicated  by  the  marked 
changes  which  are  present  in  the  vessel  walls.  A  small  hemorrhage  about  3  mm. 
in  diameter  was  found  in  the  crusta  of  the  pons  and  another  microscopical  in  size 
in  the  anterior  cornua  in  the  cervical  region.  Both  were  recent  and  in  the  latter  the 
nerve  cells  lying  in  the  midst  of  the  extravasated  blood  cells  still  stained  well 
showing  well-marked  Nissl  granules,  so  that  it  seemed  probable  the  extravasations 
were  due  to  post-mortem  injury. 

Chromatolysis  is  well  marked  in  the  giant  pyramidal  cells  of  the  precentral 
region  and  also  in  the  larger  pyramidal  cells  elsewhere.  The  Purkinje  cells  in 
the  cerebellum  stain  faintly  and  some  show  central  chromatolysis  with  displace- 
ment of  the  nucleus.  Similar  changes  are  found  in  a  few  cells  in  the  anterior 
horn  of  the  cord  and  more  extensively  in  the  cells  of  Clarke's  column. 

Pigmentary  changes  of  a  fatty  nature  are  widespread  throughout  the  nervous 
system   as  shown  by  Scharlach   staining  and  this  involves   not  only   those  cells 
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showing  chromatolysia  but  also  the  Bmaller  and  other  cells  showing  good  Kiss! 
staining,  similar  fatty  granules  are  present  in  large  numbers  contained  within 
cells  lying  in  th<>  Bheaths  of  t ] 

The  blood-vessels  show  marked  hyaline  changes  in  the  intima,  many  of  the 
snialh  r  vessels  appearing  to  be  almost  occluded.  There  is  also  hyperplasia  of  the 
adventitial  coats  but  no  small  celled  infiltration  of  the  perivascular  Bheaths.  The 
glia  nuclei  arc  moderately  increased  both  along  the  vi — Is  and  surrounding  the 
nerve  cells. 

Case  5.— Pi  ed  Attack  of  Pellagra  with  AcuU   Exacerbations  in  <i    Man 

Suffering  from  Chronic  Alcoholism  with  Marked  Dilapidation.   Death  Six  Months 

afu  r  0 

History. — E.  J.,  white  male,  upholsterer,  II  year-  of  age  al  time  of  death. 
lie  was  a  native  of  Sweden  and  had  a  brother  and  a  sister  who  •were  feeble-minded. 
Hi'  was  a  heavy  drinker  and  was  irritable  and  unstable.  In  January.  1901,  at  the 
age  «>f  :il  he  was  arrested  for  drunkenness  hut  continued  in  an  excited  state, 
preaching  and  expressing  ideas  "f  persecution.  When  admitted  to  the  Elgin 
Slate  Hospital  in  January,  1901,  lie  was  very  restless  and  excited  but  Beemed  in 
good  health,    lie  continued  to  he  violent  and  quarrelsome  for  about  six  weeks  and 

;  became  quieter,  although  -till  quarrelsome  at  intervals  all  through  his  stay 
in  the  hospital.  In  1908  he  had  an  attack  of  acute  rheumatism  and  i-  noted  at 
ili.it   time  a-  being  "considerably  demented." 

ninGtion. —  Pellagrous  erythenwu-on  the  hands  was  noted  in  May.  1911, 
and  reported  a-  "very  fiery"  mi  July  31,  [911.  At  this  time  he  was  a  No  emaciated 
and  much  weaker  hut  without  any  acute  mental  symptoms.  The  pellagrous  erup- 
tion was  ,-lill  acute  on  August  15  and  he  also  had  stomatitis.  Balivation  and 
diarrhea.  August  31  the  -to.ils  were  examined  for  amebas  with  negative  results 
and  the  blood  is  reported  as  Bhowing  a  high  color  index.  Diarrhea  continued, 
with  progressive  exhaust  inn  and  emaciation  until  death  October  29,  at  which  time 
tbi  eruption  was  -till  present  hut  of  purple  color,  with  marked  desquamation. 
Plantar  reflexes  were  of  flexor  type  everj  day  for  two  weeks  before  death. 

Necropsy. — The  necropsy  was  performed  bj  Dr.  Wittman  on  October  29.  The 
body  was  much  emaciated  and  the  muscles  generally  thin  and  atrophic.    The  heart 

was  extremely  flabby  hut  i ther  abnormalities  were  noted  in  it  nor  in  the  lungs. 

The  liver  was  described  a-  dark  brown  with  verj  obscure  markings.  The  kidneys 
showed  some  evidences  of  interstitial  nephritis  hul  no  other  findings  of  importance 
were  detected.    The  intestines  Bhowed  no  ulci  ration. 

Uicro  copically  the  only  findings  of  importance  were  a-  follow-:  The  liver 
showed  modi  rate  fatty  degeneration  following  the  outline  of  the  lobules  and  there 
were  -mall  islets  of  infiltration  with  round-cells  in  widely  separated  area,  .if  the 
portal  connective  tissue.  'I  he  capillaries  were  engorged  especially  near  the  cen- 
tral veins.    The  fibrous  tissue  was  no!  definitely  increased. 

'I  he  nervous  Bystem  in  this  case  has  not   \,i  been  examined. 

/..    continued.) 
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EXPERIMENTAL  NOTES  ON  THE  INFLUENCE  OF  THE 
ADRENALS  OYER  THE  PANCREAS* 

RALPH  PEMBERTON,  M.D.,  and  J.  E.  SWEET,  M.D. 

PHILADELPHIA 

In  a  series  of  previous  contributions,  we  have  dealt  at  some  length 
with  certain  relations  between  the  pancreas  and  other  organs  of  the  body, 
particularly  the  ductless  glands.  Our  experimental  work  covered  a  period 
of  about  five  years,  and  it  may  be  well,  better  to  understand  our  present 
remarks,  to  repeat  the  main  conclusions  reached.  For  our  present  pur- 
poses they  are  as  follows : 

1.  The  flow  of  juice  from  the  pancreas,  whether  excited  by  secretin  injected 
intravenously,  by  HC1  placed  in  the  duodenum,,  or  by  normal  chyme,  may  be 
inhibited  by  the  intravenous  injection  of  extracts  of  the  pituitary  or  adrenal 
glands. 

2.  This  inhibition  may  last  some  time  after  the  body  as  a  whole  seems  to  have 
recovered  from  the  rise  in  blood-pressure  and  is  independent  of  systemic  blood- 
pressure.     The  exact  modus  operandi  is  not  clear. 

3.  Removal  of  the  adrenal  glands  from  otherwise  normal  dogs  under  circum- 
stanced which  allow  of  observation  of  the  flow  of  pancreatic  juice,  induces  sooner 
or  later  a  flow  from  the  pancreas  which  persists  until  death,  and  sometimes  lasts 
for  hours 

4.  This  flow  has  been  equalled  in  duration  and  activity  by  only  the  processes, 
natural  or  experimental,  which  depend  on  activation  by  duodenal  secretin. 

5.  It  may  occur  with  a  fairly  high  systemic  blood-pressure  though  it  generally 
occurs  when  the  systemic  blood-pressure  is  low. 

In  process  of  extending  our  observations  and  of  attempting  a  solution 
of  some  of  the  many  related  problems,  we  came  across  some  phenomena 
which  in  a  rather  striking  way  tend  to  corroborate  our  earlier  work  and 
also  present  some  points  of  interest  themselves.  We  are  reporting  them 
now,  in  brief  form,  because  of  interruptions  which  delayed  further 
consecutive  work. 

Having  established  to  our  satisfaction  that  the  removal  of  the  adrenals 
from  dogs  induces  a  flow  from  the  pancreas,  it  remained  to  be  seen  what 
the  effect  might  be  on  such  a  flow  of  the  agents  which  influence  that 
caused  by  secretin. 


*  Read  before  the  American  Society  for  the  Advancement  of  Clinical  Investi- 
gation. Atlantic  City,  New  Jersey,  May  13.  1912. 

"Manuscript   submitted    for   publication   April    19,    1912. 
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ii  the  flow  from  the  pancreas  is  induced  by  the  removal  of  an  influ- 
ence which  the  adrenals  normally  exert  over  that  gland,  I  -  "Id 
cease  when  that  influence  is  restored. 

We  tried  to  adduce  evidence  on  this  latter  point  by  din  ition 

of  the  blood  for  epinephrin  by  means  of  i  irmann  ;     _- 

test,  by  ;       -     -  on  of  the  hind  legs  of  the  frog  (Tn  a   .  and  by 

the  Qg  annon),  but  without 

■  a  from  any  of  these  methods. 

This    ■  we  do  not  mean  to  limit  to  the  examination  of  tin  serum 

-1'  their  a<  - ;  we  have  not  be  i  u  many 

atten    its,       obtain  s  3ults  with  any  method  for  the  quanti- 

tative determination  of  epinephrin  in  d<  m. 

The        _  rmann  and  Meltzer,  the  transfusio] 

Trendelenburg,  the  colorimetric  methods,  such  as  that  of  Co  .  the 

intestinal  strip  of  Cannon,  all  work  well  when  epinephrin  i-  bein 
in  dilution,  in  sodium  chlorid  or  in  Ring  tion.     But  when  the 

serum  o  ing  stud  control  experiments  seem 

become  irregular  and  unreliable. - 

EXPERIMENTS 

We  experimented,  then,  with  a  series  of  seventeen  dogs  as  follows: 

The  animals  wit.'  ;ill  fasted  fur  36  hour9  prior  t<>  operation  I"  avoid  compli- 
cating results  from  digestive  activities,  and  after  anesthetization  with  etherj  the 
adrenals  were  removed  through. the  abdomen  and  a  graduated  glass  cannula  \\;i- 
inaeited  into  tin'  pancreatic  duel  according  i<>  tin'  technic  described  in  our  earlier 

,].•-  ' 

The  abdominal  w < >i i ml  \\;>-  then  closed,  ;>  cannula  introduced  into  the  trachea 
to  r<  spiration,  and  connection  established  between  tin1  carotid  artery  and 

:i  mercury  manometer. 

The  respiration  and  M l-pressure  were  then   respective!  '1   by  ink 

pens  al  different   levels  on  ;i  kymographion  drum  supplied  with  an  "endless"  mil 
per. 

'I  he  time  was  marked  in  on  a  base  line  and  the  flov  of  pancreatic  juice, 

when  it  occurred,  by  noting  it-  passage  pasl  divisions  on  the  pancreatic  cannula, 
Mini  by  electrically  registering  the  same  bj    interruptions  in  another  base  line 

establishing  the  above,  there  ensued  ;i  wail  of  Bome  hours  pending  a 
How  of  pancreatic  juice;  aftei  ;>  variable  period  thi-  took  place,  usually  with 
increasing  rapidity,  until,  rarely,  tration  became  difficult. 

i    g  .,.'.  .i.  i;..  : 1 1 1 1 1  Pemberton,  Ralph:  Experimental  Observations  • 
with  Especial  Reference  to  Diabetes  and  Malnutrition.    Tin    Archives  I  \  i'.  Med., 
Februar     L908 

Pemberton,  Ralph,  and  Sweet,  J.  E.:  The  Inhibition  of  Pancn  ity  by 

Extracts  of  Supra  renal  and   Pituitar    !'■  Thi     ^bchives  Im.  Med.,  July, 

berton,  Ralph,  and  Sweet,  •!    E.:   Further  Studies  on  the  Influence  of  the 
Ducth  'h-  Pancreas.     Thi     to  nrvi  -  Im    Mi  d.,  May,  L910. 

i    E.,  and  Pemberton,  Ralph:    The  [nduction  of  Pancreatic   Vctii 
the  Removal  of  the  Adrenals.    Tni    tosniVES  Im.  Med.,  November  and  December, 
L910. 
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Coincidentally  there  would  exist  a  lowering  of  the  blood-pressure,  which 
was  usually  somewhat  disturbed  by  the  initial  operation,  but  then  returned  to 
a  fairly  constant  level,  slightly  lower  than  before  operation.  From  here  there 
would  shortly  ensue,  imperceptibly  at  first,  a  steady  decline  of  its  height  until 
death.     We  have  discussed  this  in  greater  detail  elsewhere.1 

Some  period  was  then  selected  when  the  pancreatic  flow  seemed  definitely  estab- 
lished and  an  intravenous  injection  was  given  of  some  commercial  form  of 
epinephrin. 

Coincident  with  the  initial  rise  of  blood-pressure  would  appear  a  marked  slow- 
ing, and,  after  a  few  seconds,  an  apparent  cessation,  of  the  pancreatic  flow.  With 
or  shortly  after  the  return  of  the  blood-pressure  to  nearly  or  quite  its  former  level, 
the  pancreatic  flow  would  again  appear,  at  first  slowly  and  then  faster  until  the 
former  rate  became  equaled  or  surpassed. 

A  repetition  of  the  injection  of  epinephrin  would  produce  identical  results, 
the  flow  of  pancreatic  juice  ceasing  and  returning  each  time.  This  could  be 
repeated  almost  indefinitely  and  in  some  of  our  animals  was  obtained  nine  con- 
secutive times,  the  animal  in  such  case  being  then  deliberately  killed. 

We  have  in  this  flow  a  partial  analogue  to  the  condition  which  some- 
times takes  place  just  before  death  in  a  normal  dog,  whose  pancreatic 
flow  is  similarly  watched.  In  such  a  dog,  there  not  infrequently  occurs 
what  we  have  elsewhere  recorded  as  a  terminal  flow,  consisting  of  one  or 
two  cannulas  (1  to  2  c.c.)  of  juice.  We  have  previously  called  attention 
to  the  points  of  similarity  between  the  normal  dog  after  a  period  of 
ten  to  fifteen  hours'  consecutive  etherization,  and  the  dog  without  adrenals 
after  a  period  of  only  three  or  four  hours  of  anesthesia.  The  asthenic- 
state,  low  blood-pressure  and  tendency  to  a  pancreatic  flow  in  the  former 
are  possibly  expressions  of  the  same  want  of  suprarenal  secretion  which 
possibly  exists  in  the  latter. 

The  entire  consonance  of  the  inhibition  of  pancreatic  flow  with  the 
injections  of  adrenalin  and  rise  of  blood-pressure  on  the  one  hand  and 
the  return  of  the  pancreatic  flow  with  a  fall  of  blood-pressure  on  the  other, 
is  strikingly  significant.  And  if  it  be  borne  in  mind  that  the  pancreatic 
flow  exists  apparently  only  because  of  the  ablation  of  the  adrenals,  there 
seems  to  be  found  a  strong  argument  for  correlation  of  action  between 
the  two  glands. 

It  does  not  follow  of  course  that  the  rise  and  fall  of  blood-pressure 
occurring  after  the  injection  of  epinephrin  are  in  themselves  causative, 
respectively,  of  the  inhibition  and  return  of  pancreatic  flow.  They  tend 
only  to  corroborate  the  belief  that  the  amount  of  available  epinephrin  is 
then  diminished  or  absent;  and  the  action  of  the  injected  epinephrin  on 
the  pancreas  may  be  by  means  other  than  vasoconstrictor,  as  some  of  the 
evidence  indicates. 

Summing  up  the  situation,  then,  it  seems  possible  that  the  flow  of 
pancreatic  juice  which  follows  the  removal  of  the  adrenals,  occurs  coinci- 
dentally with  a  diminution  or  absence  of  the  blood-pressure-raising  or 
other  principle  of  these  glands. 
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There  seem?,  furthermore,  to  exist  under  -  ircumstances  such 
a  determined  and  definite  flow  of  pancreatic  juice,  that  repeated  injection 
of  epinephrin  is  not  sufficient  to  stop  it  permanently. 

One  fact  which  militates  against  this  as  a  function  of  normal  physi- 
ology, is  that  the  flow  sometimes  occurs  late  in  the  life  of  the  animal,  and 
in  some  experiments  the  flow  seems  to  usher  in  the  end.  In  such  cas  - 
the  animals  can  be  kept  alive,  however,  for  long  periods,  during  which 
pancreatic  flow  tends  to  occur,  by  repeated  injections  of  epinephrin :  after 
each  of  which  the  blood-pressure,  previously  at  a  moribund  level,  is  rais 
to  a  height  compatible  with  life. 

It  may  be  argued  that  the  conditi  such  a  flow  are  beyond  the 

pale  of  normal  physiological  activity,  but  it  must  be  borne  in  mind  that 
the  flow  begins  mildly  and  often  or  generally  when  the  animal  is  appar- 
ently in  excellent  condition.  Therefore,  while  we  do  not  assert  that  the 
adrenals  thus  control  the  ]  -  under  the  usual  conditions  of  life,  such 

a  possibility  cannot  be  overlooked,  much  less  denied  in  view  of  this  demon- 
strable, experimental  influi 

CONCLUSIONS 

(On  ihe  basis  of  our  previous  work) 

Intravenous  injections  of  epinephrin  inhibit  the  flow  of  pancreatic 
juice,  whether  this  be  caused   by  hydrochloric  acid,  normal   chyme  or 
tin. 
Thi-  inhibition  may  last's  ifter  the  blood-pressure  has  appar- 

ently returned   to   normal,  and   is   independent   of  the  systemic  bl 
-urc. 

•    Removal  of  the  a  otherwise  normal  indi 

a  flow  of  pancreatic  juice  which  may  lasl  for  hours. 

It  may  occur  with  a  fairly  high  systemic  blood-pressure,  though  it 
i  ally  occurs  w  ben  the  bl l-pressure  is  low. 

/  On  i  '  the  work  now  wj»>rh 

1.   Injections  phrin  madi  when  the  flow,  Following  removal  of 

it-  height,  inhibit  the  flow. 
.'    Shortly  after  o  blood-pressure  falls  to  its  previous  level, 

pancreatic  flow  retun  ■      [1  can  thus  be  repeatedly  inhibited  and  it 
then  ■  urns.    Thi   tendency  to  fl  ■•  ■  very  Btrong. 

removii  duces  a  il"w  and  since  injections  of 

epinephrin  then  inhibit  the  flow;  and  Bince  the  flow  returns  when  the 

I  the  injection  wears  off  (which  lasl  can  be  repeatedly  demon- 

:i.  it  is  difficult  to  escape  the  though!  thai  there  is 

ods. 
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SYXOPSES    OF    EXPERIMENTS 

Experiment  1. — Jan.  10,  1911.  Both  adrenals  out;  blood-pressure  gets  low, 
two  hours  later  2  c.c.  old  epinephrin2  raises  it;  better  condition;  1.5  c.c.  epinephrin 
given;    2  c.c.  epinephrin;   moribund;   no  result   12.45  p.  in.  no  flow. 

Experiment  .2. — Jan.  10,  1911.     Adrenals  out;  no  flow;  early  death;  no  result. 

Experiment  3. — Jan.  11.  1911.  Xo.  1.  Both  adrenals  out;  early  death;  no 
evident  cause:    spleen  very  large. 

Experiment  ). — Jan.  11,  1911.  Xo.  2.  Both  adrenals  out;  no  result;  early 
death. 

Experiment  o. — Jan.  12,  1911.  Adrenals  out;  adrenals  not  broken  or  squeezed. 
Xo  flow  for  a  long  time  at  start;  flow;  0.5  c.c.  epinephrin  gives  inhibition;  return 
of  flow  and  blood-pressure.  Dog  gets  low  with  flow  (terminal)  ;  1  c.c.  epinephrin 
raises  blood-pressure  (which  falls  fairly  soon).  Flow  inhibits  but  does  not  return 
well  again. 

Experiment  6. — Jan.  28,  1911.  Both  adrenals  out  by  9:47;  removed 
easily.  About  2:15  good  flow.  Later  0.25  c.c.  epinephrin  inhibits;  blood-pressure 
falls  soon;  no  return  for  ten  minutes;  then  good  flow.  0.166  c.c.  epinephrin 
inhibits;  clot;  flow  soon  returns;  1  c.c.  of  1/1,000,000  inhibits,  and  clots  cannula; 
no  rise  in  blood-pressure;  return  of  flow  and  death. 

Experiment  7. — Jan.  30,  1911.  Adrenals  out:  flow  good:  0.1  c.c.  epinephrin 
inhibits;  blood-pressure  falls  rather  slowly  and  flow  returns  well;  1  c.c.  epinephrin 
inhibits  and  flow  returns  after  a  rather  slow  fall:  good  flow  again  inhibited  by 
0.25  c.c.  epinephrin  and  dog  dies. 

Experiment  S. — Feb.  1,  1911.  Both  adrenals  out  at  10:13;  flow  at  4  p.  m.; 
transfusion  of  dog's  blood  raises  blood-pressure;  slightly  slows  flow;  flow  returns; 
transfusion  then  does  not  raise  blood-pressure  much  and  flow  continues;  very 
good  flow  follows:  0.1  c.c.  epinephrin  raises  blood-pressure  moderately.  Flow 
continues  unabated.  Blood-pressure  falls  rather  soon:  0.2  c.c.  epinephrin  raises 
blood-pressure  more:  falls  rather  soon:  flow  slowed;  returns  well;  0.25  c.c. 
epinephrin  affects  blood-pressure  same  way  and  slows  flow;  returns;  0.5  c.c. 
epinephrin  raises  blood-pressure  well;  rather  quick  fall;  distinct  inhibition;  good 
return:  1  c.c.  epinephrin  keeps  blood-pressure  up  fairly  well  3%  minutes;  marked 
inhibition:  good  return:  1  c.c.  epinephrin;  sharp  rise;  clot;  inhibition;  good 
return  of  flow:  4  c.c.  epinephrin  keeps  blood-pressure  up  10  minutes;  strong 
inhibition;  good  return;  dog  being  kept  alive  by  epinephrin;  now  allowed  to  die, 
6:10  p.  m.:   intestine  and  stomach  empty. 

Experiment  0. — Feb.  3.  1911.  Both  adrenals  out.  Flow  not  affected  by  trans- 
fusion.    (One  adrenal  broke  in  a.  m. )     Xo  definite  conclusion  to  be  noted. 

Experiment  10. — Feb.  7,  1911.  Both  adrenals  out  at  10:32  a.  m.  Not  torn; 
flow;  transfusion  of  dog's  blood;  rise  in  blood-pressure;  some  inhibition:  returns; 
then  good  flow.      |  Not  much  blood  transfused.) 

Experiment  11. — Feb.  8,  1911.     Adrenals  taken  out.     Xo  result. 

Experiment  12. — Feb.  9.  1911.  Both  adrenals  out;  right  adrenal  torn;  flow 
good;  in  three  hours  dog  gets  low;  1  c.c.  epinephrin  revives;  blood-pressure  falls 
fast;  flow  soon  again;  transfusion:  slight  rise;  no  apparent  inhibition:  0.75  c.c. 
epinephrin  inhibits:  slight  return  of  flow  as  dog  dies  after  four  hours. 

Experiment  13. — Feb.  14.  1911.  Both  adrenals  out:  right  adrenal  badly  torn; 
-li.oht  flow — not  recorded.  Transfusion  seems  to  start  slight  flow;  stops;  trans- 
tu-ion  seems  to  start  it  more  actively  again.  Later  a  flow;  0.166  c.c.  epinephrin 
inhibits  with  a  very  slight  rise:  flow  returns;  cannula  comes  out:  0.5  c.c.  epi- 
nephrin gives  sharp  rise  and  quick  fall.     Killed. 


2.  The  epinephrin  used  in  these  experiments  was  the  adrenalin  of  Parke.  Davis 
&  Co. 
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Experiment  1). — Feb.  17.  1911.  Both  adrenals  <>r,i  al  11:08  a.  m.  Neither 
injured.  Rather  poor  flow:  inhibition  by  epinephrin;  flow  returns;  at  5:21 
flow  (cannula  ieakinor  before  I  ;  0.25  c.e.  epinephrin  inhibits;  moderate  slow  fall  of 
blood-pressure  and  return  of  flow.  dog  low;  0.25  c.c.  epinephrin  inhibits;  quicker 
drop:  flow  returns  soon;  0.25  c.c.  epinepiirin:  quick  fall;  inhibition;  return  of 
flow;  0.25  c.c.  epinepiirin:  inhibition:  return  of  llow:  dog  dying;  0.25  c.c.  epi- 
nepiirin:  inhibition;   return  of  flow;   n.-2.->  c.c.  epinephrin;    g I   rise;   inhibition; 

return:  0.25  c.c.  epinephrin:  dot;   inhibition;  return  of  flow;  0.75  c.c.  epinephrin: 
big  rise;  quick  drop;  return  of  flow;   dog  allowed  to  die,  6:30  p.  m. 

Experiment  15. — March  0,  1911.  Adrenals  oui  (right  torn).  No  flow. 
Secretin  given.  Flow  from  it.  Then  later  a  spontaneous  flow  which  lasts  Bome 
time  and  then  subsides;  starts  again  toward  end  aid  gives  several  cannulas  full. 
Xo  epinephrin  given. 

Experiment    10. — March    10.    1011.      Both    adrenals    "in-,    neither   torn:    blood 
taken  late  for  frog-eye  test.     Flow.      Medulla    inhibit-;  and   raises   blood-pn 
Flow  returns  slightly.     When  dog  i-  moribund  0.5  c.e.  epinephrin  and  artificial 
respiration  bring  back  life  and  also   flow  later:    moribund  again;    Hi  c.c. 
fail-   to  work;   0.5  c.e.  epinephrin  cause-  return   of  life  and  blood-pressure  which 
falls    quickly.      (Given    twice  quickly):    no    real    flow    again.      (The   specin 
suprarenal  cortex  and  medulla  were  supplied  by  Parke.  Davis  c*v  Co.  in  th< 
of  powder.) 

Experiment  17. — March  9,  lull.  Fed  doe-,  normal  pancreatic  flow:  under 
ether,  pancreas  congested;  lacteals  white;  llow  later-,  hemorrhage  into  pan- 
creatic duct,  vitiates  experiment.     Killed. 

Experiment  /S'.— March  11.  1911.     No  result. 

2224    Locus!   Street— 301   St.  Mark-  Square. 


THE  ABSOEPTIOX  OF  FOOD  IX  TYPHOID   FEVER* 
EUGENE  F.  DU  BOIS,  M.D. 

NEW  YOBK 

Since  von  Hosslin  and  the  Russian  investigators  made  their  studies 
on  the  assimilation  of  foods  in  fever  twenty  to  thirty  years  ago,  very  little 
work  has  been  done  on  the  subject.  In  the  meantime,  the  methods  of 
analysis  have  been  improved  and  the  diet  in  typhoid  has  in  some  clinics 
been  increased  so  much  that  patients  in  the  height  of  their  fever  are  given 
more  food  than  was  formerly  given  in  the  second  week  of  convalescence. 
The  question  naturally  arises  as  to  whether  the  patients  are  absorbing  the 
food  or  are  passing  it  undigested  through  the  intestines. 

At  the  suggestion  of  Dr.  Warren  Coleman  who  has  for  five  years  been 
using  a  very  liberal  diet  in  his  service  at  Bellevue  Hospital,  I  undertook 
a  study  of  the  question  in  his  wards.  Six  patients  with  typhoid  were 
studied  over  periods  lasting  from  five  to  twenty-one  clays.  They  were  fed 
the  so-called  "high  calory  diet,"  which  consists  of  about  1.000  c.c.  milk, 
300-400  c.c.  20  per  cent,  cream,  100-200  gm.  lactose,  two  or  three  egg^.  a 
couple  of  slices  of  toast  and  some  butter.  This  furnishes  between  two 
and  three  thousand  calories  and  one  or  two  thousand  calories  more  can 
be  added  in  the  form  of  larger  amounts  of  the  above  or  in  the  form  of 
boiled  rice,  oatmeal,  mashed  potato,  cream  of  wheat,  apple  sauce,  custard 
or  ice  cream.  This  diet  has  been  fully  described  by  Shaffer1  and  Cole- 
man,2 and  is  the  only  recorded  diet  which  has  succeeded  in  maintaining 
the  patients  in  nitrogen  and  weight  equilibrium.  Clinical  experience  has 
shown  that  patients  do  well  on  this  diet  and  it  was  no  surprise  to  find 
that  they  could  absorb  the  enormous  amounts  of  food  almost  as  well  as 
normal  individuals. 


*From  the  department  of  applied  pharmacology  and  the  second  medical  division 
of  Bellevue  Hospital,  New  York.  All  analyses  were  made  in  the  laboratory  of  the 
department  of  physiology.  I  am  indebted  to  Professor  Graham  Lusk  for  the  privi- 
lege of  working  in  his  laboratory  and  for  many  valuable  suggestions  during  the 
course  of  the  work;  also  to  Dr.  Coleman  and  Dr.  Dana  for  permission  to  use 
patients,  in  their  wards,  and  to  Mr.  Rudolph  H.  Harries  and  Mr.  John  M.  Janson 
lor  their  assistance  in  making  many  of  the  analyses. 

*Manuscript  submitted  for  publication  April  13.  1912. 

1.  Shaffer  and  Coleman:  Protein  Metabolism  in  Typhoid  Fever.  The 
Archives  Int.  Med.,  1909,  iv,  538. 

2.  Coleman:  The  High  Calory  Diet  in  Typhoid  Fever:  A  Study  of  One  Hun 
dred  and  Eleven  Cases.    Am.  Jour.  Med.  Sc,  1912.  cxliii,  77. 
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NORMAL    ABSORPTION 

In  the  case  of  normal  individuals  who  are  given  an  easily-digested 
diet,  the  food  is  practically  all  absorbed  and  the  feces  consist  almost 
entirely  of  bacteria  and  the  secretions  of  the  intestinal  tract.3-  i  The  feces 
of  a  starving  person  can  contain  from  0.1  to  0.3  gm.  of  nitrogen  a  day, 
and  of  a  person  on  a  nitrogen  free  diet  as  much  as  0.5  to  0.87  gm.  of 
nitrogen.  Seducing  bodies  and  ether-soluble  substances  are  also  present 
in  the  stools  when  none  is  given  in  the  food.  In  addition  to  these 
secretions  of  the  intestinal  tract,  however,  considerable  amounts  of  food 


Michael  K. 


Day  of  Disease 
Cent.       Fahr. 


40 

104 

39 
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Chart  2. — Temperature  curves,  etc.,  in  Case  2,  Michael  K. 

residue  do  appear  in  normal  persons  who  are  given  coarse  or  poorly-cooked 
food,  or  food  in  unusually  large  quantities.  As  a  rule,  sugars  are 
completely  absorbed,  and  well-cooked  starches  almost  completely.  Emul- 
sified fats  of  low-melting  point  are  better  absorbed  than  fats  of  high- 
melting  point.  When  fats  are  given  in  amounts  greater  than  350  gm. 
the  intestine  does  not  absorb  well.  (It  may  be  noted  that  one  of  the 
typhoid  patients  in  this  series  was  given  327  gm.  of  fat  on  one  day.)    In 


3.  Lusk:     The  Science  of  Nutrition.     Philadelphia.  1909,  p.  45. 

4.  Mendel  and  Fine:  Studies  in  Nutrition,  Jour.  Biol.  Chem.,  1912,  xi,  5. 
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c-orisidering  the  absorption  of  any  particular  ...  -        .  -  Eat  for  instance, 
one  can  get  a  false  idea  if  one  considers  the  ;  .    loss  alone  without 
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4.2  gm.  fat  in  food  —  57.1  per  cent,  loss  in  feces. 
42. 2  gm.  fat  in  food  — 10.9  per  cent,  loss  in  feces. 
80.2  gm.  fat  in  food  —  6.36  per  cent,  loss  in  feces. 
It  is  hard  to  state  the  normal  percentage  of  loss  of  the  various  food- 
stuffs.    Eubner6  gives  the  accompanying  table  (Table  1)  of  the  averages 
of  many  of  his  experiments. 

Table   1. — Food  Absorption:   Normal  Individuals 


Percentage    Loss 


Food 


Carbo- 

hvdr'te 


Protein 


Roast  beef   

Hard  boiled  eggs   

Milk    

Fine  white  bread   

Rice     

Potato    

Mixed  diet  with  > 

Bacon   (99  gm.  fat)    

Bacon  ( 195  gm.  fat )    

Butter  (214  gm.  fat)    

Butter  and  bacon  (350  gm.  fat) 


4.4 

... 

5.2 

0 

1.1 

0.9 

0.7 

17.4 

l.G 

7.8 

6.2 

2.7 

6.2 

12.7 

6.8     [ 

1 

2.6 

2.6 

7.1 

21.8 

20.4 

19.5 

12.1 

14.0 

11.3 

9.2 


In  certain  pathological  conditions  the  absorption  of  food  can  be 
greatly  interfered  with.  Obstruction  to  the  flow  of  pancreatic  juice  or 
bile  can  diminish  the  absorption  of  fats  greatly.  In  certain  cases  of 
intestinal  indigestion  carbohydrates  are  poorly  absorbed.  Tuberculosis 
or  cancer  of  the  intestine  or  any  very  severe  diarrhea  can  increase  greatly 
the  nitrogen  content  of  the  feces.  A  moderate  diarrhea  has  but  little 
effect  on  absorption. 

PREVIOUS    STUDIES   OF    ABSORPTION"   IX    TYPHOID 

Yon  Hosslin,7  in  1882.  studied  most  carefully  a  series  of  typhoid 
patients  fed  on  various  diets,  such  as  ham  or  milk  or  eggs,  or  the  juice 
of  pressed  meat.  The  total  calories  of  his  diets  were  not  high  and  most 
of  his  patients  suffered  from  diarrhea.  The  nitrogen  of  the  food  varied 
between  10  and  21  gm.  and  the  feces  nitrogen  from  0.9  to  2.2  gm.  or 
from  7.6  to  13  per  cent,  of  the  nitrogen  ingested.  With  50  to  135  gm. 
of  fat  in  the  food  the  feces  contained  from  5  to  10  gm.  or  from  6  to  10' 
per  cent.  The  carbohydrates  of  the  feces  were  not  determined  directly. 
Some  of  his  patients  were  put  on  very  low  diets  containing  1  to  3  gm.  fat. 
8  to  11  gm.  carbohydrate  and  no  protein.  During  these  periods  of  practical 


6.  Rubner,  Gruber  and  Ficker:  Handb.  der  Hygiene.  Leipzig.  1911.  i.  131. 

7.  Von  Hosslin:     Virchows  Arch.  f.  path.  Anat..  1S82.  Ixxxix.  95. 
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ration,  the  feces  contained  0.8  to  5  gm.  oi  ether  extract  a  day  and 
from  0.4  to  0.8  gm.  of  nitrogen.  Von  Hosslin  came  to  the  conclusion  that 
foods  were  absorbed  almost  as  well  in  typhoid  fever  as  in  health. 

x    S  -  work  was  published  the  Russia]  -        CI       ■   wsky's 

clinic,  where  typhoid  patients  were  given  liberal  dii  -  of 

investigations  on  bject.     Most  of  their  work  is  published  in 

Russian  and  has  never  received  the  attention  it  desi  Their  work  on 

the  whole  supports  voi    M  contentions.    They  found  the  assimila- 

tion of  protein  to  he  almost  as  good  as  in  health,  and  they  found  that 
cold  baths,  antipyretics,  the  drinking  of  water  in  large  amounts  and  of 
alcohol  in  .•<■  to  increase  the  p  otein 

absorbed.     I.    \  of  hot  water  seemed  to  decrease  the  absorption. 

Aikinov.8  who  included  in  bis  dietary  20  gm.  of  blai  -.       md  from 

4  to  G  gm.  of  nitrogen  a  day  in  the  feci  -  »atients.    Gruzdiev,8  when 

he  pave  a  very  liberal   diet  of  milk  and  bread   with   30  to    to  gm.  of 
nitrogen,  found  4  to  1 1  gm.  of  nitrogen  in  the  feces.    The  other  observers 
using  moderate  and  easily-digested  diets  obtained  only  1  to  3  gm. 
day.     ChernofE,8  e    bis  conclusions   from  a  small  majority  of  his 


v.  Copies  of  tli'i'  inaugural  dissertations  are  deposited  in  the  Library  of  the 

a  General's  Office,  Army  Medical  Museum,  Washington.     Piles  of  Vrach  are 

kepi  al   the  Academy  of  Medicine,  New  York  and  probably  at  most  of  the  other 

large   medical    libraries.      Abstracts   giving  some  of   the   tables  can   be   found   in 

er  and    Langworthy:    Digest   of   Metabolism    Experiments.     I  .   S.    Dept.  of 

Agri.,  Bull.  No.  45,  1897,  p.   I  - 

It  must  be  remembered  thai  transliterations  of  the  same  Russian  name  may 
differ  greatly. 

Chernofl  (Tschernoff ) :  Fal  Absorption  of  Adults  and  Children  with  and 
withoul   Fevefl     [naug.  Diss.   (Russian),  St.  Petersburg,  1883. 

K ii i k ut <  tV.  \.  < ;.  '  Km  kiio >w  i  :  « in  the  Qu<  tion  of  the  [nfluence  of  Fever  and 
Antipyretic  Measures  on  the  Assimilation  of  Fal  bj  Typhoid  Patients,  [naug. 
])i--.  |  Russian  I,  St.  P<  tei  sburg,  1891. 

Sassetzky  (Zasietski)  :  Influence  of  Fever  and  Antipyretics  on  the  Metabolism 
and  Assinulation  of  the  Proteins  of  Milk  (Typhus  fever  studied),  [naug.  Diss. 
(Russian),  St.  Petersburg,  1883;  also  Virchow's  Arch.  f.  path.  Anat.,  1883,  xciv, 

Khadgi  (Chadchi):  The  Qualitative  and  Quantitative  Assimilation  and 
Metabolism  of  Nitrogen  in  Typhoid  Fever,  [naug.  Diss.  (Russiau),  St.  Petersburg, 
1886  (abstracted  b}   Puritz).    See  following  paragraph/ 

Puritz:  Reichliche  Erniihrung  i"'i  Abdominaltyphus.  Virchowa  Arch.  f.  path. 
Anat.  1893,  exxxi,  327.     Also  [naug.  diss.   (Russian),  St.  Petersburg. 

Matzkevicb:  The  Influence  of  Copious  Water  Drinking  on  the  Assimilation 
and  Metabolism  of  Nitrogen  in  Typhoid  Fever,  [naug,  diss.  (Russian) ,  St.  Peters- 
burg,  1890. 

Gruzdiev:    (Same  Bubjecl  I    \  rach,   L890,  si,  218. 

Qeisler:   [nfluence  of  Enema  milation  and   Metabolism  of  Nitrog 

Typhoid,  Vrach,  1890,  xi,   179. 

\ii.iiic,\  :  On  Feeding  Patients  \\i'!i  Alkaline  Albuminates  ol  I  ■  [naug. 
Diss.   I  Russian  I,  St.   Petersburg,  l  - 

Diakonov:  [nfli  Alcohol  Upon   Assimilation  and  Metab  I  ism  of  Nitrogen 

in  Typhoid   Fever,     rnau      D  jian),  si.  Petersburg,  I- 
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case?,  states  that  the  assimilation  of  fat  is  better  during  the  height  of 
typhoid  fever  than  during  convalescence  or  health.  Kurkutoff,8  on  the 
other  hand,  found  that  the  absorption  of  fat  was  poorer  during  fever  and 
varied  with  the  gravity  of  the  disease. 

On  reviewing  the  figures  of  all  these  Russian  investigators,  one 
receives  the  impression  that  the  absorption  of  food  depends  chiefly  on  the 
patient's  general  condition,  and  as  this  is  improved  either  by  the  natural 
course  of  recovery  or  by  therapeutic  measures,  the  absorption  of  food 
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Chart  4. — Temperature  curves,  etc..  in  Case  4.  John  X. 

improves  also.  It  may  be  noted  in  passing  that  the  Russians,  even  when 
using  liberal  diets  with  very  large  amounts  of  protein,  were  unable  to 
keep  their  fever  patients  in  nitrogen  equilibrium. 

Yon  Leyden  and  Klemperer9  were  the  next  to  study  the  absorption  of 
foods  incidental  to  their  unsuccessful  attempt  to  establish  nitrogen 
equilibrium  in  typhoid.  They  found  that  patients  with  high  fever  when 
given  100  gm.  of  easily-digested  fat  lost  from  6  to  11  per  cent,  in  the 


9.  Von  Leyden  and  Klemperer:  Von  Leyden's  Handb.  der  Ernahrungstherapie. 
1904,  ii,  332.' 
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-.  and  lost  about  9  per  cent,  ol  an  equal  amount  of  protein.     ( 
hydrates  appeared  in  the  feces  only  when  very  large  amounts  were  given 
in  the  food  or  when  the  patients  suffered  from  profuse  diarrhea. 

-  rroii-D 
The  six   typhoid   cases   on   w]  om   the   present   work  was  done  were 
unselected  cases  from  the  wan1;-  of  the  second  medical  division  (Cornell 
Division)   of  Bellevue.     It  so  happened  that  none  of  the  patients  had 
diarrhea  during  the  period  of  investigation,  but  one  i-  Btruck  by  t; 


Charles   S,  relapse 
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(  harl   •">.     Temperature  curves,  etc.,  in  Case  6,  Charles  S. 

latients  able  t<>  take  the  high  calory  diel  Beldom  have  diarrhea. 
Many  patients  who  enter  the  hospital  with  marked  diarrhea  ! » <  _r i 1 1  to  have 
normal   Bt<  r  thej    have  been   for  a  couple  of  days  on  the  diet. 

During  the  total  of  seventy-two  days  studied,  there  were  only  -i\  sti 
addition  h  suite  <>t  the  daily  enemas  and  none  of  these  was  diar- 

irmin  powder  used  to  mark  nil'  the  pi 
appeared  in  th<            twenty-four  houre  after  b< in'_r  Bwallowed  with  buc! 
regularity  that   it   was  deemed   safe  in   two  cases  t"  omit   the  line  oi 
■  "ii  beta rae  o  The  daily  enemas  contained 

formed,  j  -  of  practii  ilk  aormal  appearance  and  odor.    In 
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no  case  was  there  any  blood  in  the  stools.     As  routine  the  patients  were 
given  no  medicine  and  no  tubs,  but  were  sponged  for  high  temperatures. 
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Of  the  cases  studied,  three,  Charles  N".,  Michael  K.  and  Frank  W., 
were  of  rather  mild  type;  three,  Philip  E.,  John  X.  and  Charles  S.,  were 
severe.    It  will  be  noted  that  a  positive  nitrogen  balance  was  obtained  in 
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during  periods  when  the  temperature  was  still  high.    One  has 

difficulty  in  stating  when  convalescence  begins  in  such  cases.  A-  ->on  as 
the  temperature  starts  to  show  sharp  morning  remissions  the  patients  look 
bright  and  seem  comfortable.  They  read  the  newspapers,  chat  with  their 
neighbors,  eat  their  food  with  relish  and  rapidly  gain  weight  and  nitrogen- 
containing  substances.  Relapses  are  not  more  frequent  on  the  high  diet 
than  on  low  diets,  and  it  is  only  chance  that  four  of  these  sis  patients 
had  relapses.    The  cases  were  as  follow  - : 


Controls 
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(  hint   7.-  i  barl  of  control  '  asea  "l»"  and  "L." 


C  \-i:   REPORTS 
(  ib\    1      »  barle     V.   60  years  old,  admitted   Sept.   23,    1910,  on   the   ninth 

i  t  he  disease. 
//    tot  i      [he  patient  has  been  nursing  three  typhoid  patients  in  his  Family, 
During  the  last   four  weeks  he  has  been  apathetic  and  al   times  dizzy.     I1 
onset  of  fevei   uncertain,  probablj   nine  days 

Phyaioai  Examination,  Well  nourished  elderly  man.  Right  eye  blind  u  a 
result  of  an  old  injury.  Spleen  palpable,  several  rose  Bpots.  Ninth  t"  nineteenth 
daj  of  disease.    Temp.  101  103  I  ..  appetite  good;  1,000  calories  a 

dayj   ii"  tympanites;   mind  clear;   Widal   test,  negative.     Nineteenth  to  twentj 

yB,  Period  I.    Twentj  second  to  twenty-sixth  da  liscarded  '•■ 

they  were  overheated  when  drying.    Twenty  Beventfa  to  thirty  fourth  days,  patienl 
improving  steadily;  thirt)  fifth  daj   patient  has  severe  pain  in  i  lir>  head.    Three 
it.  ,  the  pain  localized  in  the  righl  eye  which  became  much  swollen.    Diag 
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nosis  panophthalmitis.  On  the  forty-first  day  the  eyeball  ruptured,  discharging  pus 
from  which  the  typhoid  bacillus  was  obtained  in  pure  culture.  By  the  forty-fifth 
day  the  eye  was  much  improved  and  two  days  later  the  temperature  reached 
normal.     The  patient  made  an  uninterrupted  convalescence. 

Case  2. — Michael  K.,  23  years  old,  admitted  Oct.  13..  1910,  on  eighth  day  of 
disease. 

History. — One  week  before  admission  the  patient  began  to  feel  feverish  and 
chilly  and  suffer  from  anorexia. 

Physical  Examination. — Fairly  well  nourished  young  man;  apathetic;  marked 
tympanites;  rose  spots  present.  Eighth  to  thirteenth  days,  temperature  101-104 
F.  Blood-culture  shows  typhoid  bacilli.  Appetite  fair,  takes  2,000  to  3,000  calo- 
ries a  day.  No  distention.  Thirteenth  day.  feces  collection  started.  Thirtieth 
day,  temperature  normal,  convalescence  rapid. 

Table  2. — Metabolism  Study  ix  Chakles  N..  Case  1 


Day  of 
Disease 


Calories 


Total 


o  £- 
O  "C  •— 


Food.  Grams 


-  * 
o  -3 


2  3 


Balance 


Urine 


19(?) 

20  .. 

27  .. 

2S  .. 

29  .. 

30  .. 

31  .. 

32  .. 

33  .. 

34  .. 

35  .. 

36  .. 

37  .. 
3S  .. 

39  .. 

40  .. 

41  .. 

42  .. 

43  .. 

44  .. 


4600 

80 

27 

3200 

55 

15 

3910 

68 

16 

4030 

70 

17 

4090 

7i 

14 

3720 

64 

16 

4040 

70 

20 

4040 

70 

16 

4670 

81 

22 

3570 

62 

14 

4410 

76 

19 

4300 

75 

16 

4520 

78 

19 

4480 

78 

17 

4060 

71 

16 

4730 

82 

24 

4420 

77 

18 

4470 

78 

18 

4170 

72 

IS 

4490 

78 

17 

383 
209 

226 
245 
195 
222 
279 
226 
314 
190 
261 
223 
266 
233 
227 
334 
247 
250 
253 
245 


280 
214 

268 
272 
302 
253 
261 
261 
31i 
251 
305 
312 
312 
327 
284 
304 
311 
315 
274 
314 


17.0 
13.5 

19.2 
19.3 
19.0 
17.6 
18.9 
IS. 7 
19.2 
18.5 
19.5 
19.8 
20.8 
18.7 
19.2 
20.8 
20.1 
20.0 
22.7 
21.9 


13.1 


13.2 
11.5 
11.3 
15.0 

12.3 
12.8 
14.G 
11.8 
13.3 
15.3 
15.2 
14.6 
12.0 
11.9 

10.4 


+   0.4 


+  6.1 

+  7.5 

+  6.3 

+  3.9 


+ 

+ 

+ 

+ 

+  7.5 

+  3.4 


6.9 
5.7 
4.9 

8.0 


+ 

+ 
+ 
+ 


4.0 
6.2 
8.1 

8.1 


+  11.5 


1130 

12.0 

760 

1260 

11.8 

890 

10.1 

1060 

9.9 

1520 

13.6 

1030 

1290 

11.1 

1520 

11.6 

985 

13.4 

820 

10.8 

1415 

12.3 

1860 

14.3 

1500 

13.4 

1485 

12.S 

1200 

10.2 

1240 

10.5 

750 

1100 

9.0 

Case  3. — Philip  R.,  aged  23.  admitted  Oct.  19.  1910.  on  tlw  seventh  day  of 
disease. 

History. — For  about  three  weeks  the  patient  has  felt  chilly  and  feverish;  head- 
ache severe;  four  to  five  watery  stools  daily:  took  to  bed  six  days  ago. 

Physical  Examination. — Fairly  well  nourished,  pale,  torpid,  looks  toxic;  pulse 
small  and  weak;  many  rose  spots;  temperature  102-105  F. 

Eighth  to  fifteenth  days,  experimental  period:  Twelfth  day,  pulse  stronger, 
a  few  rales  at  bases  of  lungs;  abdomen  not  distended.  Thirteenth  day.  pulse 
weaker,  patient  given  strychnin;  slight  distention.  Seventeenth  to  twenty-second 
days,  temperature  dropping  to  normal :  patient  feels  better.  Twenty-third  to 
twenty-seventh  days,  temperature  rising  in  steps  to  105  F. ;  pulse  weaker.  Twenty- 
seventh  to  thirtieth  days,  temperature  102-105  F.  Thirty-first  to  thirty-fifth  days, 
experiment  resumed.  Thirty-seventh  day,  temperature  normal.  Convalescence 
slow. 
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Table  3. — Metabolism  Study  in  Michael  K..  < 


C 

alone 

- 

i  Grams 

Urine 

. 

Balance 

Day   of 
Disease 

Total 

1  _ 

•      -       ■ 
—     ~  ^ 

r.  -5   - 

i    - 
-i   ~ 
5  — 

Fal 

-. 
z 

- 
0 

a 

'5 

"    - 

z 

n 

- 

1 
..    1    1970 

35 

8 

11. -1 

134 

9.6 

9    .  . 

1970 

35 

* 

115 

!  3  1 

9.6 

'     .... 

(i    .  . 

..    |    -2r,  in 

45 

10 

133 

176 

12.2 

13.1 

—  0.9 

1 1 .-..-, 

•     1 2.2 

1    .. 

2540 

J5 

10 

L33 

L76 

12.2 

l'.U 

—  6.9 

845 

17.'.' 

2 

2:57n 

42 

11 

151 

154 

11.3 

Losi 

:;    . . 

..    1    2670 

48 

13 

177 

176 

12.2 

19.8 

—  7.6 

1940 

18.6 

.... 

4    . . 

3340 

GO 

17 

230 

215 

15.2 

.... 

Losi 

.... 

5 

4410 

79 

27 

374 

257 

19.2 

13.4 

+  5.8 

1710 

!     11.6 

55.9 

6    .  . 

3960 

71 

25 

323 

242 

14.4 

18.2 

—  3.8 

1820 

16.4 

i 

1790 

1 

86 

31 

427 

27)  7 

20.2 

17.G 

+  2..; 

1200 

16.0 

Table  4. — Metabolism  Study  ix  Philip  R.,  Case  3 


Calories 


Total 


to 


.  -  ■• 

o  ■-  — 

-■  —    - 


Food  Grams 


41. 


iv,: 


25 


-    :, 

■z  + 


Balance 


Urine 

CJ 

- 

c* 

c 

— 

> 

z 

2400 

ll 

2580 

48 

2  I7n 

45 

2830 

52 

3100 

.-.7 

2890 

53 

3460 

63 

3810 

7" 

50 

2900 

56 

56 

2920 

59 

9 

11 
II 
1 1 

13 

I  t 
17 
16 

1  1 
17 
19 
26 
20 


123 

1  is 
I  13 
L86 
17s 
180 
230 
21  I 

172 
216 
242 
310 
245 


166 
179 

177) 
17'.' 
215 
191 

268 

157 

1  1  I 
L6  ' 
1 35 
169 


13.9 
11.8 

12.1 
15.8 
L5.3 
I  1.5 

17.2 
17. M 

15.1 

1  1.2 
17.6 

1  l.l 
[8  ! 


16.8 

17.2 
19.7 
20.8 
14.9 
1  1.9 

9.7 

i:;.i 

13.9 

9.6 

I4.il. 


+ 
+ 

+ 
+ 

-!- 
+ 


4.7 
1.4 
4.4 
6.3 
2.3 
3.0 

5  1 
1.1 

1.9 

4.2 


1500 
1170 
1200 
1210 

SCI) 

1340 

900 
1300 


16.1 
16.4 

1S.!I 

20.0 

14.1 
14.1 

B.8 

12.2 

l.'l.l 

8  7 

13  2 


:- 1  3 

54.7 

:,l  8 

4'.t.l 


1  1  ine  volumes  made  up 

John   \  itted  Oct.  25,   1910,  Bevenlli  daj   of  disease. 
Died  December  1. 

ih  tory     On  el  ''i  headache,    since  then  th<3  patienl  baa  had 
anorexia  ami  dian  I 

/■/.  1  Frame,    fairly    well    nourished,    face    flushed, 

abdomen   flat,  slight    I  in   lefl   hypochondrium.     A   few                 '•  were 
found. 

Eighth   day,  blood   culture  shows  typhoid   bacilli.     Tenth    to  eleventh  days; 
in  abdomen  and    -li'.'hi    distention.     Eighth   to  thirteenth  days; 

iture  101-104   1  0  to  8  500      Fourteenth  t<>  twentj 

flrst  days,  temperature  1""  103.6  F  3,600.    Twentj  second  to  twenty  fifth 

■  trature  102  105  F.  th  to  thirtieth  days,  period  <>f  inve 
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tion.  Thirty-first  to  thirty-fourth  days,  temperature  falling,  patient  more  com- 
fortable. Thirty-fifth  day  temperature  shot  up  to  105  F.  and  a  cough  developed; 
during  the  next  few  days  the  left  leg  developed  a  boggy  edema,  the  temperature 
remained  high,  signs  of  consolidation  appeared  in  the  left  upper  lobe.  The  patient 
became  very  toxic  and  died  on  the  fourty-fourth  day  of  his  illness. 

Case  5. — Charles  S.  (service  of  Dr.  C.  L.  Dana),  aged  21,  admitted  Aug.  5, 
1911,  fourth  day  of  disease. 

History. — Onset  three  days  ago  with  chilly  sensations  and  headache.  Since 
then  the  patient  has  felt  weak  and  feverish. 

Table  5. — Metabolism  Study  in  John  N.,   Case  4 


Ca 

ories 

Food  Grams 

Urine 

*j 

Z  g 

cd   cu 

Ba  lance 

t£ 

Disease 
Day  of 

Total 

04 

Carbo- 
hydrates 
(per  kg.) 

Carbo- 
hydrates 

Fat 

CD 

to 

*  9 

ci 

O 
> 

CD 

to 

o 

J-l 

Body   Wei 
Kilos 

26    .... 

3540 

55 

16 

256 

227 

17.0 

11.0 

+  6.0 

750 

10.0 

27    .... 

4030 

62 

19 

301 

246 

17.4 

15.7 

+   1-7 

800 

14.7 

28    

3870 

58 

18 

280 

245 

18.2 

18.0 

+  0.2 

1100 

17.1 

29    

3880 

59 

22 

349 

221 

16.9 

16.4 

+   0.5 

850 

15.5 

30    

3870 

58 

16 

247 

246 

19.6 

18.3 

+   1.3 

1000 

17.4 

64.8 

Table  6. — Metabolism  Study  in  Charles  S.,  Case  5 


Ca 

lories 

Food  Grams 

Urine 

to 

Day  of 
Disease 

Total 

fab 

3 

O-i 

Ca  rbohy- 
drates 
(per  kg.) 

Fat 

o 

<t    CD 

1)    o 

5  + 

Balance 

"o 
> 

be 
o 
■-> 

2 

33 

to 

>-■£ 

O  ^ 

22 

2970 

51 

25 

356.6 

131.6 

11.1 

11.4 

—  0.3 

1255 

10.2 

23    

4540 

78 

38 

541.S 

186.0 

16.3 

17.5 

—  1.2 

2350 

16.3 

58.2 

24    

5330 

92 

43 

608.1 

215.0 

19.7 

15.7 

+   4.0 

1800 

14.5 

25    .... 

4240 

73 

33 

463.5 

205.0 

16.8 

12.5 

+  4.3 

1650 

11.3 

26    

2820 

48 

17 

243.9 

147.2 

11.0 

23.3 

—12.3 

2155 

22.1 

27    .... 

4450 

77 

33 

465.5 

195.0 

15.4 

14.5 

+   0.9 

1110 

13.3 

28    .... 

4650 

SO 

31 

446.2 

222.2 

16.3 

20.1 

—  3.8 

1220 

18.9 

58.2 

Physical  Examination. — Well  nourished,  abdomen  flat,  spleen  palpable,  a  few 
rose  spots. 

Fourth  to  twelfth  days,  temperature  101-103  F. ;  appetite  good;  not  very 
sick.  Seventeenth  to  nineteenth  days,  temperature  normal.  Twentieth  to  twenty- 
third  days,  temperature  rising  again  in  steps.  Twenty-fourth  to  thirty-eighth 
days  severe  relapse  with  temperature  102-104  F.  On  the  twenty-fifth  day  a  profuse 
nose  bleed  occurred,  followed  by  several  other  revere  attacks  during  the  next  two 
weeks.  The  patient  became  very  anemic.  The  temperature  fell  slowly  reaching 
normal  on  the  sixtieth  day.     Convalescence  was  slow. 

The  respiratory  quotients  of  this  patient  and  of  the  following  case,  Frank  W., 
were  investigated  by  Dr.  Coleman  and  myself.     The  results  will  appear  shortly. 
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<  ajse  6.— Frank  W.,  aged  27,  admitted  Nov.  2:?.  1911,  on  the  tenth  day  of 
the  disease. 

History. — Nine  days  previously  the  patient  began  to  have  fever,  headache  and 
pains  all  over  the  body. 

Physical  Examination. — Small  frame.  5  feei  4  inches  tall,  well  nourished, 
prostrated,  apathetic.  Bpleen  palpable,  a   few  rose  spots  found. 

Tenth  to  eleventh  days;  temperature  103-105  F. ;  appetite  poor,  diarrhea 
marked.  Eleventh  t<>  thirteenth  days,  temperature  102  to  105  F. ;  diarrhea  has 
ceased,  appetite  i-  improving.  Fourteenth  to  twenty-eighth  days,  period  of  inves- 
tigation. Appetite  steadily  improving;  glucose  was  found  in  the  urine  in  amounts 
which  increased  steadily  until  he  passed  79  gm.  on  the  nineteenth  day.  The 
carbohydrates  of  the  food  were  then  cut  down  until  the  sugar  disappeared 
from  the  urine.  The  temperature  fell  steadily,  reaching  normal  on  the  thirty- 
third  day.  The  patient  fell  strong  and  was  up  in  a  chair  when  on  the  forty- 
rom  the  onsel  the  temperature  began  to  rise  and  he  went  through 
a  moderately  severe  relapse  lasting  fifteen  days.  On  the  seventh  day  of  the  relapse 
bilateral  subconjunctival  hemorrhages  appeared  hut  cleared  up  in  a  couple  of 
week-.  Repeated  mine  tests  during  his  rapid  convalescence  showed  no  sugar, 
although  he  was  taking  large  amounts  of  carbohydrate 

'       trols. — I)  and   L.     These  were  two  healthy  young  men  between  the  ages 
of  -~>  an  i   30.     They   were  given   the  typhoid  diet  but   could  not  take  as  1.,   y 
amounts  of  food  as  the  patients. 

Table  7. — Metabolism  Studs  in  Fbank  \\\.  Case  6 


'      "ries 

]"••"  !  « ;: ams 

r 
- 

&  .- 

3 

P3 

I  i  ine 

r' 

o  j 

>.  7 

l./.M 

—  r  - 

o  - 

•f  2 
ea 
O 

I  a! 

be 

6 

c 

c 
— 

- 

= 

L910 

35 

21 

276.0 

5.9 

19.9 

—  14.0 

1  222 

L8.5 

Tr. 

1.67 

3380 

62 

25 

169.2 

16.9 

16.6 

+  0.3 

1210 

15.2 

7.72 

1 .28 

;,  i  :, 

2510 

K 

20 

•2ii7.  -1 

125.1 

9.7 

L5.7 

—  6.0 

in:. -J 

14.:! 

B.03 

1.27 

68 

26 

342.7 

l'.'s. 7 

17.' 

20.3 

—   2.!t 

1  155 

L8.9 

i:,  18 

1.35 

71 

30 

397  3 

L92.0 

17.2 

21.3 

1.1 

L675 

L9.9 

31.6 

1  59 

3690 

69 

28 

373.0 

L90.3 

15.4 

19.3 

—  3.9 

L800 

17.!" 

7!>  6 

1.29 

3025 

57 

L3 

173.1 

202.1 

17.0 

1  l.s 

+  2.2 

L765 

13.8 

11.0 

.99 

;.ii 

LO 

L27.7 

183.0 

17.1 

20.9 

2050 

19.9 

8.5 

1.17 

1860 

35 

5 

ii."..  l 

11. t 

13.9 

780 

L2.9 

0.0 

1.05 

2860 

54 

in 

131.41 

200.3 

17.9 

19.7 

1 .8 

j.-iir, 

is  B 

0.0 

1.11 

52  7 

3980 

76 

16 

201.6 

282.4 

20  5 

17.4 

+  3.1 

[575 

16.5 

0.0 

noo 

78 

17 

218.0 

15.2 

1  17:. 

1  i.:: 

1.6 

1.12 

3750 

71 

L5 

L95  3 

264.7 

19.0 

12.7 

1300 

L1.9 

1.64 

3740 

71 

16 

203  i 

257.3 

20.1 

13.1 

+    7.IF 

1540 

I  2.3 

1.8 

1.06 

noo 

76 

L6 

215.0 

287.6 

21.1 

18.2 

-f  2.9 

1790 

17.1 

1.6 

1.29 

METHODS 
'I  be  patients   were  under  the  'li  of  the  bead   nurse,   Mi--    Marj    E. 

si ban.  who  has  helped    in   metabolism  experiments  on   typhoid   cases   t"<>r  the 

last   three  years.     All   food  given  was  measured  and   recorded.     Samples  "f  the 
milk  and  cream  were  analyzed  from  time  to  time  and  the  other  fecil-  were  pie 
rding   '"   knowi  and    their   food   values   calculated   from   the 

tables  ol  (Bull.  28    i     B    Department  of   ^gricultun 
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Every  morning  the  nurse  gave  an  enema  of  about  250  c.c.  of  warm  water  con- 
taining 0.75  gm.  soap,  which  amount  was,  of  course,  subtracted  from  the  fatty 
bodies  found  by  analysis  in  the  resulting  stool.  The  results  from  these  enemas 
were  very  uniform  except  in  the  case  of  Charles  S.,  in  whom  an  attempt  was 
made  to  use  salt  solution  instead  of  the  usual  soap  enema.  There  was  so  much 
retention  of  feces  in  the  lower  bowel  for  the  first  three  days  that  soap  enemas 
were  again  resorted  to  and  the  period  lengthened  to  seven  days  in  order  to  get 
accurate  results. 

The  periods  were  marked  off  at  first  by  a  teaspoonful  of  charcoal,  which  was 
somewhat  difficult  to  recognize  in  the  enemas.  Later  carmin  powder  in  doses 
of  0.3  gm.  was  used  and  a  most  satisfactory  line  of  demarkation  obtained.  In 
two  of  the  earlier  cases  in  which  the  food  and  stools  were  very  uniform,  the 
demarkation  was  omitted  as  the  patients  objected  to  the  charcoal. 

As  soon  as  the  initial  dose  of  charcoal  or  carmin  was  given,  all  urine  was 
saved  and  all  the  feces  as  soon  as  the  line  of  demarkation  appeared.  The  enemas 
and  feces  were  dried  at  a  temperature  below  100  C.  with  the  addition  of  alcohol. 
The  several  stools  of  each  period  were  then  united,  powdered,  passed  through  a  fine 
sieve  and  analyzed. 

It  was  feared  that  the  process  of  drying,  which  required  one  or  two  days, 
might  cause  a  loss  of  some  of  the  constituents.  To  determine  this  a  normal  man 
was  put  on  the  high  calory  typhoid  diet  and  some  of  the  formed  stools  thoroughly 
mixed  and  samples  analyzed  fresh  and  after  drying  in  the  above  manner.  The 
results  show  that  the  changes  are  negligible. 


Table  S.- 


■Analyses  Before  and  After  Drying.  Expressed  in  Per  Cent,  of 
Moist  Stool  ix  Control  Case 


Fre^h 
Feces 


Dried 
Feces 


Error  Caused 
By  Diving 


Fat 

|          4.20 

1          4.34 

.  _  .             4.27 

4.38 
4.43 

4.405 

+  3.2 

I 

Carbohydrate 

Average 

.97 

.97 

.  .  .                .97 

.92 
.94 
.93 



— 4  0 

1 

Nitrogen. 
Average. 


829       | 

.S22 

874 

.827 

860        1 

.82S 

8543     | 

.8257 

All  analyses  were  made  in  duplicate  and  if  the  results  did  not  agree, 
were  repeated  until  satisfactory.  The  nitrogen  was  determined  by  the 
Kjeldahl  method,  the  fats  by  the  complicated  but  exact  method  of 
Knmagawa  and  Suto,10  which  determines  the  fats,  fatty  acids  and  soaps 


10.  Kumagawa  and  Suto:  Ein  neues  Verfahren  zur  quantitative  Bestimmung 
des  Fettes  und  der  unverseifbaren  Substanzen  in  tierischem  Material  nebst  der 
Kritik  einiger  gebriiuchlichen  Methoden.  Biochem.  Ztschr.,  1908.  viii.  212: 
Inaba.  R. :  Ueber  die  Fettbestimmungen  des  Faeces  und  einiger  Nahrungsmittel 
nach  der  neuen  Methode  von  Kumagawa-Suto.     Biochem.  Ztschr  ,  1908.  viii.  348. 
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together.  Results  obtained  by  this  method  are  usually  higher  than  by  the 
older  methods  of  ether  extraction  which  have  been  shown  to  he  very 
faulty. 

The  carbohydrate  determinations  gave  a  great  deal  of  trouble.     !'    - 
impossible  to  make  an  accurate  sugar  test  without  decolorizing  tl 
and  many  of  the  methods  of  decolorization  -    _  •  ell  as  color. 

The  dried  feces  contained  from  2  to  4  per  cent,  carbohydrates  and  af 
the  processes  hydrolizing  and  decolorizing,   the  remaining  solution  for 
analysis  contained  about  .03  per  cent.  \  sugar  deter- 

minations with  such  dilute  solutions  arc  difficult. 

Various    methods   of   decolorization    v.  ■  Allihn 

method,  and  the  1'  thod  as  modified  by  Kumagawa  and  Suto:"  0  . 

.  dextrose  (Kahlbaum)  was  added  to  4-gm.  samples  of  a  specimen  of 
dried  feces  whirl:  gave  no  reduction  after  boiling  with  water,  although  it 
did  reduce  after  hydrolizing  with  ':  per  cent.  IK 'I.    The  -ample  of  i< 
with  the  added  dextrose  was  boiled   five  minutes  with  80  c.c.  distilled 
water,  cooled,  10  c.c.  20  per  cent.   ETC]  solution  added  and   made  a 
LOO  c.c.    Two  sai        :     i  re  filtered  with  difficulty,  and  Allihn  determina- 

■  -  made  with  the  highly  colored  filtrate.  The  others  were  decolorized 
by  the  mercuric  nitrite  method  of  Patein  and  Dufau12  by  basic  lead 
acetate,  mercuric  bichlorid18  and  by  acid  charcoal. 

I  \ I'.it:  9. — Decoloeizatioh  Tests  of  Feces  i\  Control  i  *.ses 


I  >i  colorized  bv 


Sugar  Mi  t  Inn  I 


Per  (  ''lit.  Error  in    ; 


Mercuric  bichlorid 

Allihn 

—  11..  +.09 

Mercuric  bichlorid 

Pavy 

+9.5,  +2.6,  —0.2 

Mercuric  nil  rate 

Allihn 

+  3.G.  +5.4 

Mercuric  nil  rate 

Pavy 

—  10.:.. 

Bat  ic  lead  acetate 

Allihn 

—7.2.  —6.8 

Basic  lead  acetate 

r.i\  5 

—7.!).  —16.6 

Acid  charcoal 

Allihn 

— 10.S,  —5.8,      .08,  +5.2, 

Av.  —1.7. 

Acid  charcoal 

Pavy 

—  11.0.  —10.0.  —5.1 

I  Lltei  ing ;  ii"  decoloi  izal  ion 

Allihn 

II.  +0.9 

It  was  clear  that  no  method  gave  absolutely  satisfactory  results,  but 
that  the  error  of  any  method  was  not  great  enough  to  make  a  significant 
difference  in  the  findings.  When  one  considers  that  many  carbohydrate 
determinations  in  feces  are  made  by  the  grossly  inaccurate  method  of 
subtracting  the  total  weight  of  fat,  protein  and  ash  from  the 


11.  l*un. ^m  •.!  and  Buto:    I. in  Beitrag  /ur  Zuckertitrierung  mil  ammoniakali- 
scher  Kupferldsung  naeh  Pavy.     Beitr.  z,  wiasensch.  Med,  u.  <  hem,     (Salk< 

I  eatschrifl  I,  Berlin,  1904,  211. 

12.  Patein  and  Dufau.     Method  de  cribed  in   Abderhalden.  Handb.  d.  Bio 
Arbeit jmel hoden,  ii.  I s:i. 

13.  [bid.,  p.  184. 
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the  dried  stool,  one  becomes  reconciled  to  a  smaller  acknowledged  error. 
The  method  finally  chosen  for  analysis  was  the  acid  charcoal  method 
which  seemed  more  accurate  and  simpler  than  any  of  the  others.  A  spec- 
imen of  3  to  4  gm.  of  powdered  feces  was  boiled  one  and  one-half  hours 
in  100  c.c.  2  per  cent  HC1,  in  order  to  hydrolize  the  starches  into  sugars. 
After  cooling,  the  solution  was  made  up  to  volume,  about  4  gm.  of  the 
best  quality  animal  charcoal  added,  filtered,  2  gm.  more  charcoal  added, 
filtered,  an  aliquot  portion  rendered  slightly  alkaline  with  XaOH  to  pre- 
cipitate the  phosphates,  made  up  to  volume  and  filtered.  With  50  c.c.  of 
the  clear  filtrate,  Allihn  tests  were  made.  In  a  few  cases,  the  modified 
Paw  method  was  used. 

Soluble  carbohydrates  were  tested  for  by  boiling  a  similar  sample  of 
feces  with  water  and  acidifying  after  the  solution  had  cooled.  Charcoal 
was  then  used  for  decolorization  and  an  Allihn  test  made.  In  no  case 
was  there  more  than  a  very  slight  reduction.  It  is  an  interesting  fact 
that  the  feces  of  Michael  K.,  who  for  his  first  two  periods  was  given  no 
carbohydrate  except  lactose,  gave  0.4  and  1.2  gm.  "carbohydrate"  after 
hydrolizing,  but  noue  after  plain  boiling.  Some  reducing  body  or  bodies 
other  than  carbohydrates  must  give  this  misleading  result.  Possibly 
mucin  caused  the  reduction. 

The  indican  was  tested  for  in  a  roughly  quantitative  manner  by 
Folin's  method.14  One  one-hundredth  part  of  the  total  urine  was  treated 
with  an  equal  volume  of  Obermeyer's  reagent  and  the  indigo  blue 
extracted  with  5  c.c.  of  chloroform  and  compared  with  Fehling's  solution, 
which  was  given  arbitrarily  the  value  of  100.  The  color  comparisons 
were  made  with  Fehling's  solution  diluted  to  different  percentages  and 
were  not  made  in  a  colorimeter.  This  method  seems  greatly  preferable  to 
the  old  method  of  recording  the  result  in  plus  marks.  Folin's  normal 
individuals  were  on  a  diet  very  similar  to  the  high  calory  diet  and  the 
indican  excretion  measured  in  this  method  ran  between  12  and  140,  the 
average  of  all  six  cases  being  77. 

Glucose  in  the  urine  was  determined  by  Benedict's  method,15  which 
gave  most  satisfactory  results. 

SUMMARY 

Carbohydrates  when  given  in  amounts  under  300  gm.  a  day  were 
present  in  the  stools  only  in  traces,  if,  indeed,  they  were  present  at  all. 
When  amounts  larger  than  300  gm.  were  given,  the  stools  sometimes 
contained  2  or  3  em.  of  reducing  bodies. 


14.  Folin:    Analyses   of  Thirty   "Normal"   Urines.      Am.   Jour.   Physiol.,    1905, 
xiii,  53. 

15.  Benedict,  S.  R. :  The  Detection  and  Estimation  of  Glucose  in  Urine.     Jour. 
Am.  Med.  Assn.,  1911,  lvii,  1193. 
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Table    10. — Comparison    ..j    Resi 
Controls 


Fat 

Carbohydrate 

Nitrogen 

go 

-  .'- 

i    - 

-  ■- 

-  -- 

I     r 

5| 

-2 

1 1 

r   - 
-  ^ 

-  f 

-.  ,Z 

-    - 

'    172             6.4    1      3.8    |     127             .65 

'    !     10  1                  1           2.0         219       )      .25    |    0.1 

!                '              :              !                1              1                I 

L1.6          0.57            5.0 
L2.7          1.00            7.8 

1                1 

of  Di- 


Chables  X. 


247 

2-1 

289 
317 
300 
301 


24.3 

9.8 

19.4 

6.8 

25.1 

9.7 

L4.9 

5.2 

L9.6 

0.1 

10.9 

5.6 

1  1.8 

4.9 

222 

242 
255 
241 

269 

24g 


1.2 
l.o 
1.0 
0.8 
1.1 
L.2 
1.1 


0.4 

0.4 
0.4 
0.3 
0.4 
0.4 
0.4 


L5.2 

L.06 

7.o 

19.2 

1.44 

7..-. 

L8.4 

1.44 

7.8 

L8.8 

1.22 

6.5 

I'.'.:. 

L.00 

5.1 

20.0 

1.78 

- 

2 1 ..". 
1 

1.37 

6.4 

100 
90 
•Jo 
20 
20 
20 
30 


PHILIP  R. 


17:i 

1  1.5 

2  1 .', 

11.7 

5.5 

l.-.o 

6.5 

1.3 

151 

1.2 

13S 
198 
194 
266 


o.4 
0.4 
0.4 
0.6 


0.20 
0.23 
0.23 


12.0 

0.68 

16.1 

o.7s 

4.S 

1  1.6 

ii.s.; 

5.9 

LI  .7 

0.92 

5.5 

L00 
120 

90 


Mil   II  Ml      k 


1   IS 

169 
257 


L6.6 

11.2 

10.2 

9.5 

11.7 

1.9 

11. 4 

1.4 

121 
l.-.l 
309 
12/ 


0.4 

1.2 
2.4 


0.3 

0> 

0.6 

o.O 


lo..-, 
L1.9 

10.3 

20.2 


0.92 

1.20 

1.79 

l.oi 


loo 

11.0 

s.o 


50 

llo 
7" 
30 


John  \. 


27 

236 

1.2 

278 

;    O.7.". 

17.2 

,1    M) 

,lo:, 

(0    

j:;7 

B  i 

292 

0.78 

0.3 

l.o:: 

.».( 

!'0 

I    II  MM  I  -    8. 


186  I 


1  16.5 


1.21 


0.27 


15.2 


1.10 


7  6 


' 


Prank  W. 


16 

120  7 

7.9 

6.6 

10.8 

1.40 

13.0 

1.-. 

l!i 

193  7 

10.8 

0.15 

1..  7 

1.12 

60 

22 

171  s 

10.2 

1 1 :,  I 

l ".  2 

l.oi 

257.0 

9.0 

183  8 

19.0 

i  6 

269.9 

10.0 

:i.7 

204.6 

o.7l 

2n.  1 

0  -i 

i  :; 

26 
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The  nitrogen  of  the  feces  averaged  1.12  gm.  a  clay,  and  never  exceeded 
1.8  gm.,  amounts  which  are  within  normal  limits.  The  percentage  loss 
was  7.1  per  cent.,  which  is  a  figure  lower  than  that  of  previous  observer?. 
This,  perhaps,  may  be  due  to  the  fact  that  the  diet  was  less  irritating  to 
the  intestinal  tract. 

With  the  fats  there  seems  to  be  a  diminution  of  both  the  percentage 
loss  and  the  actual  weight  of  fat  in  the  feces  as  the  disease  progresses. 
It  is  hard  to  give  averages  which  are  fair,  but  it  can  be  said  that  during 
the  first  three  weeks  of  the  attack  and  during  the  height  of  a  relapse,  the 
patients  lose  on  an  average  7.2  per  cent,  of  the  ingested  fat.  Later  in  the 
disease,  with  a  falling  temperature  and  decreasing  toxemia,  they  lose 
about  4.5  per  cent.  The  average  loss  for  all  cases  examined  was  6.02 
per  cent.,  which,  though  higher  than  the  normal  figure  Qf  3  per  cent,  for 
a  similar  diet,  is  not  enough  higher  to  be  of  any  clinical  significance. 
The  dried  feces  contained  from  30  to  50  per  cent.  fat.  It  must  be 
remembered  that  very  large  amounts  of  fat  were  given. 

The  stools  of  typhoid  fever  patients  on  the  high  calory  diet  resemble 
normal  stools  very  closely.  The  indican  of  the  urine,  which  is  rather 
high  during  the  early  part  of  the  disease,  decreases  steadily  as  the  patient's 
condition  improves.  The  indican  excretion  compares  favorably  with  that 
of  Folims  normal  individuals.14 

The  work  of  Shaffer  and  Coleman  in  establishing  nitrogen  equilibrium 
in  typhoid  fever  has  been  confirmed. 

COXCLUSIOXS 

Typhoid  patients  throughout  the  disease  can  absorb  carbohydrates  and 
protein  as  well  as  normal  individuals.  They  can  absorb  very  large 
amounts  of  fat,  but  the  percentage  of  absorption  is  somewhat  lower  than 
the  normal,  especially  in  the  earlier  part  of  the  disease. 

129  East  Seventy-Sixth  Street. 


THE    EFFECT    OF    A     SKIN     IEBITANT     OX     THE     LOCAL 
BLOOD-FLOW    IX    THE    HAXD  * 

I  AELTOK  1.  WOOD,  M.I>..  and  PAUL  G.  \\  T.ISMAX.  M.D. 

ANN    ABBOB,    MIC  11. 

Jt  is  common  knowledge  that  --kin  irritants  produce  reddenii;. 
the  skin.,  which  may  under  certain  circumstances  be  followed  by  the 
appearance  of  vesicle-,  pustules,  or  a  diffuse  dermatitis.  The  effect  on 
the  general  and  the  local  circulation  has  been  particularly  studied  in 
the  case  of  carbon  dioxid  baths,  which  differ  from  d 
in  that  they  produce  a  local  reddening  of  the  skin.  According  to 
1 ».  Miller  and  his  colaborators1  the  reddening  of  the  skin  which  occur- 
in  these  hath-  is  a  cutaneous  nomenon  and  it  is  noi  ated 
with  a  relaxation  of  er  arteries.  Strasburger,2  who  sought  to 
avoid  the  techni  ties  :  working  with  carbon  dioxid  bal 
added  Bpirits  ol  mustard  (Senfspiritus)  to  the  water  which  surrounded 
the  arm  in  a  pli  -  rraph  and  he  found  that  when  the  arm  assumed 
a  red  color  comparable  to  en  in  the  carbon  dioxid  ba  arm 
had  increased  4  to  12  c.c.  in  volume.  Yei  \\r  doubt  if  binding  con- 
elusions  concerning  I  flo^  can  be  drawn  either  from 
changes  in  arm  volume  or  from  variations  in  the  form  or  size  of  the 
pulse;  for  these  do  no!  necessarily  indicate  the  degree  of  constriction 
of  the  finer  art<  i  oi  dition  which  seems  to  exercis  Ipminat- 
ing  influence  on  the  local  rate  of  flow. 

it  seemed  a  tfore,  to  study  the  efl  -.in  irritant-. 

n-iiiLr  the  it-  icently  described  by  G.  X.  Stewart8  and  by  Eev- 

and   Van  Zwaluwenburg*  rmining  the  rate  of  blood-flow  in  the 

hand   and   in  the  arm.     Unfortunately  neither  method   is  well  adapted 
for  studying  the  local  efl  carbon  dioxid  hail  -.     The  evolution  of 

gas  excludes  the  plethysmograph  method  of  Hewletl  and  Van  Zwaluwen- 
hur":.  and   the  chemi  tion   in   the  artificial  hath   would   probably 

interfere  with   S  method.     Our   experiments   have 

therefore  been  limited  mainlv  to  the  effeel  of  baths  containing  irritating 


J " i « >nt  the  Department  of  Internal   Medicine,  University   of  Michigan. 
Manusci  ipt  submitted  for  publication  June  19,  1912. 

1.  Mflller,  0.,  and  Veiel,  1  :  Beitr&ge  zur  Kreislaufphysiologie  dee  Menschen, 
besonders  zur  Lehre  von  der  Blutverteilung.  Samml.  klin.  \'<>rtr..  1911,  [n.  Med. 
194,   195,    198,    199,  200,  201.      I  Literati 

2.  Strasburger,  '  I  infilhrung  in  die  Hydrotherapie  und  Thermotherapie, 
L909,  Jeni 

3.  Stewart,  <■    S.:   Studies  on  the  Circulation  in  Man.  Seart,  1911,  iii,  :v.\. 

I.  Hewlett,  \.  w '..  and  Van  Zwaluwenburg,  J  0.:  t"he  Elate  of  Blood  Flow  in 
the  Arm.     Heart,  II - 
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quantities  of  mustard,  though  a  few  experiments  with  salt  mixtures 
such  as  are  used  in  certain  Xeuheim  haths  were  also  performed.  In 
order  to  ascertain  the  effect  of  the  irritants,  determinations  were  made 
simultaneously  on  the  two  hands  while  one  was  exposed  to  water  con- 
taining the  irritant  and  the  other  to  ordinary  tap  water.  In  this 
manner  it  was  possible  to  eliminate  the  variations  in  flow  which  occur 
in  a  single  individual  at  different  times.  Scrupulous  care  was  taken 
to  maintain  the  two  water  baths  at  the  same  temperature  in  order  to 
exclude  the  effect  of  local  variations  in  temperature.3  The  results  of 
our  experiments  are  shown  in  the  accompanying  tables. 

Table  1. — Effect  of  Mustard  Bath  ox  Local  Blood-Flow   ix  the  Arm 
( Plethysmographic    Method ) 
Sub-         Room      Water         Average  Rate  of  Remarks 

ject         Temp.      Temp.  Flow  

....  C.  C.       Mustard  Control  

Weis    ...    24  34  9.2*         6.2         Arm  exposed  to  mustard  felt  very  warm. 

Weis    ...    2:!  33  G.7  2.2         Arm  exposed  to  mustard  felt  very  warm  and 

later    smarted    considerably.      It    became 
swollen    the    following    night    and    subse- 
quently the  skin   desquamated. 
Wood   ...   22  32.5  3.0  4.2         Arm  exposed  to  mustard  felt  warm. 

Wood   ...    18  33  2.9  3.5         Arm    exposed   to   mustard   felt   warm  with 

slight  smarting. 
*These  figures  represent  averages  of  five  or  more  determinations. 

Table  2. — Effect  of  Mustard  Bath  on  Local  Blood  Flow  in  the  Haxd 

( Calorimetric  Method) 

Sub-         Room      Water  Average  Rate  of  Remarks 

ject         Temp.      Temp.  Flow  

C.             C.  Mustard  Control  

Wood   ...   17.5         31  S.3           S.4  

Wood   .  .  .   20.5         30  6.0           5.3  

Weis    . .  .    18.5         31  4.8           6.8  

Weis    ...    20            30  3.3           4.5  

Weis    .  .  .    20.5         30  3.2           5.9  

Weis    ...    21.5         30.5  8.5           7.6  

Weis    .  .  .    25.5         31.5  9.7         10.6  Hand  exposed  to  mustard  smarted  but  was 

not  reddened. 

Weis    ...    27            30.5  4.5           7.0  Hand  exposed  to  mustard  was  reddened  and 

smarted. 

Weis    ...    28            31.8  14.0         13.0  Hand    reddened    and    burned    and    showed 

slight  dermatitis  six  hours  later. 

Weis    ...     28.4         30.5  8.5         11.9  Hand  is  mustard  reddened  and  smarted. 

Weis    ...    30.2         31.4  IS             17.4  Hand   slightly  reddened  and  smarted. 

Weis  .  .  .  30.5  32  14.4  16.9  Hand  smarted  and  was  considerably  red- 
dened. 

Kinde    ...   13.0         29.5  3.1           3.4  

Kinde  ...    14.5          30.5  13.1          11.9  Hand   smarted   and  reddened. 

Kinde  ...   15            29.3  8.2           9.0  

Kinde...    15.5         30.0  5.0           4.2  

Kinde  ...    18            29  5.5           6.7  

Kinde  ...    19             30.5  6.3            7.4  Hand  reddened. 

Kinde  . .  .    19.5         29.5  8.8           7.7  

Kinde  . .  .    20.5         29.5  6.2           6.3  

Kinde  ...    21             29.8  6.1            5.3  Hand  reddened. 

Kinde  ...    23            30.0  17.0         10.5  

5.  Hewlett,  A.  W.,  Van  Zwaluwenburg.  J.  G.,  and  Marshall,  M. :  The  Effect  of 
Some  Hydrotherapeutic  Procedure?  on  the  Blood-Flow  in  the  Arm.  The  Archives 
Txt.  Med.,  1911,  viii,  591. 
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A  typical  protocol  of  this  group  of  experiments  foll< 

rimeteric  Determination  of  the  Rati,  of  Blood-Flow  in  the  Hand 

f  Weisman — subject:    Wood — operator.)    April    23,    1912. 

Thermometer    (L)    in  right  calorimeter. 
'Thermometer   (S)   in  left  calorimeter. 

Mustard  water  in  right  calorimeter. 

Tap  water  in  the  left  calorimeter. 

The  right  hand  was  soaked  in  mustard  water  at  30  C.  for  seventeen  minutes 
and  the  left  hand  in  tap  water  at  the  same  temperature  for  the  same  length  of 
time,  immediately  preceding  the  experiment.  The  right  hand  smarted  but  was 
not  reddened.     Room  temperature.  25.5  (  . 

Preliminary  Reading  in  Calobimetebs  to  Determine  Rate  of  Him   Loss 


Right  Ca 

orimeter 

'1  hue 

Readings 

1.16 

1.540 

1.16 

1.560 

1.17 

1.590 

1.18 

1.620 

1.19 

L660 

1.20 

1.690 

Left 

Calorimeter 

Time 

Readings 

1.15 

3.220 

1.16 

3.240 

1.17 

3.260 

1.18 

3.285 

1.19 

3.310 

1.20 

3.330 

Right  Calorimeter 

Time 

Readings 

1.24 

1.360 

1.25 

1.270 

1.26 

1.118 

1.27 

1.100 

1.28 

1.030 

1.29 

0.950 

0.890 

1.31 

0.810 

l  32 

0.740 

1.33 

0.650 

1.34 

0.590 

1.35 

0.535 

Temp. 

31 

5  1  . 

Temperature  of  water  in  each.  30  C. 

Readings  after  Insertion  of  the  Hands  in  (  llobiheteb 

Left  Calorimeter 

Time  Readings 

1.24  2.970 

1.25  2.860 

1.26  2.740 

1.27  2.630 
2.530 

L.29  2.430 

1.30  2.360    • 

1.31  2.260 

1.32  2.160 

1.33  2.070 

1.34  2.015 

1.35  1.950 
Temp.  31.5  (  . 

Losses  fbom  Calobimetebs  \i  i i  it  rm    Hands  Hah  Been  Takes  Hit 

Righl  Calorimeter                                                 Lefl  Calorimeter 

I  inie           R(  adings                                             'I  ime  Ken.; 

1.40  0.570  1.40 

1.41  0.600                                        -          1. 1 1  1.965 

1.42  ".ciii                                                    1.42"  L.980 

1.43  1.43  2.016 
1  it                0.700                                                  1.44 

1.45  0.720  1.45 

Weighi  of  mustard  solution  liil">  gm. 
Weight  of  water  1639  gm. 
Weigh!  of  righl  calorimeter   I7n  gm. 
Weigh!  of  li  fl  caloi  imi  tei    (70  gm. 
Volume  of  the  band  substance  185  c.c.  (right). 
Volume  of  the  hand    abstance  510  c.c.  (left). 

In  the  experiments  with  mustard,  mustard 
Eolutiou  wae  regarded  as  equivalent  •■                    equal  weigh!  of  water. 


C.     I.     WOOD— P.     G.     WEISMAN  199 

In  the  experiments  in  which  the  salt  solution  was  used,  however, 
the  specific  heat  was  determined  by  multiplying  the  actual  weight  of 
the  solution  in  grams  by  .93.  Similarly  in  the  following  calculations, 
the  actual  weights  of  the  calorimeter  and  of  the  hand  substance  were 
reduced  to  their  water  equivalents. 

Calculation  of  the  Rate  of  Blood-Flow  ix  the  Right  Haxd 

Calorimeter  correction  for  heat  loss  in  ten  minutes 30 

With  hands  in  calorimeter  for  ten  minutes  the  temperature  rose  to 735 

Total  rise 1.035 

Water  equivalent  of  the  mustard  solution  1615 

Water  equivalent  of  hand  substance 388 

Water  equivalent  of  calorimeter   52 

Total  water  equivalent    2055 

Total  calories  given  off  from  hand  in  ten  minutes=2055X  1.035=2126.9. 

H        1 

Total  calories  given  off  from  hand  in  one  minute=212.69.  Q= X — 

T-T1      s 
Where  Q  equals  the  quantity  of  blood  in  grams  flowing  through  the  hand  in 
the  time  of  the  experiment.  H=the  heat  given  off  by  the  hand.     T=the  tempera- 
ture of  the  arterial  blood.    TJ=the  temperature  of  the  water.     S=the  specific  heat 
of  the  blood. 

212.69        1.0 

Q= X— =47 

36.5—31.5      .9 
Rate  of  blood-flow  per  minute  per  485  c.c.  hand  substance=47. 
Rate  of  blood-flow  per  minute  per  100  c.c.  hand  substance=9.7. 

Calculation  of  the  Rate  of  Blood-Flow  in  the  Left  Hand 

Calorimeter  correction  for  heat  loss  in  ten  minutes 26 

With  hands  in  calorimeter  for  ten  minutes  temperature  rose 909 

Total  rise  1.169 

Water  equivalent  of  water 1639 

Water  equivalent  of  hand  substance 408 

Water  equivalent  of  calorimeter   52 

2099 
Total  calories  given  off  from  hand  in  ten  minutes=2099X  1.169=2453.731. 
Total  calories  given  off  from  hand  in  one  minute=245.373. 

245.373       1.0 

Q= X— =54.5 

36.5—31.5        .9 

Rate  of  blood-flow  per  minute  per  510  c.c.  hand  substance 54.5 

Rate  of  blood-flow  per  100  c.c.  hand  substance   (per  minute) 10.6 

Rate  of  blood-flow  in  mustard  solution 9.7 

Rate  of  blood-flow  in  water 10.6 

Difference     9 

Table  3. — Effect  of   Salt  Baths*  ox  the  Local  Blood-Flow  ix  the  Hand 

Subject  Room  Water         Average  Rate  Flow 
Temp.  Temp.  Salt  Control 


C.  C. 

Kinde 20                    28.5  6.4                 7.0 

Kinde  20.5                 29.8  9.7                 7.0 

Kinde 21                     30.5  9.3                 9.7 

Kinde  21                     30.5  9.2                 7.8 

'The  salt  bath  contains  Xa  CI  (5  per  cent).  Ca  C'L.  (.5  per  cent). 
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These  experiments  indicate  the  considerable  variations  in  the  bl< 
flow  of  the  hand  or  arm  which  may  occur  in  a  single  individual  at 
different  times.  Such  variations  are  due  in  part  to  the  temperature 
of  the  room0  and  in  Table  '2  in  which  the  results  for  each  individual 
are  arranged  according  to  room  temperatures  it  will  be  seen  that  tl. 
is  a  very  definite  tendency  for  the  rate  to  increase  on  days  when  the 
experiments  were  conducted  in  a  warm  room  even  though  the  hand- 
were  always  i  xposed  to  water  of  about  the  same  temperature.  Tt  is 
also  evident,  however,  that  other  factors  than  room  temperature  must 
have  been  active  to  account  lor  the  variations  from  the  rule  that  the 
rates  increase  with  higher  room  temperatures.  Exactly  what  these  other 
factors  are  we  have  not  determined. 

So  far  as  we  have  been  able  to  determine  no  definite  effect  on  the 
local  blood-flow  results  from  irritation  of  the  skin  by  mustard  or  the 
salt  mixture  used.  Only  in  the  second  experiment  of  Table  1  was  a 
very  marked  result  obtained  and  this  was  associated  with  a  rathe]  - 
burn  from  the  mustard  which  left  a  dermatitis  that  did  not  heal 
days.  Some  doubt  is  thrown  on  this  experiment  by  the  unusually  slow 
rate  in  the  control  arm.  Aside  from  this  case  the  faster  of  the  two 
hand  rates  seldom  exceed  the  slower  by  more  than  50  per  cent,  and  the 
difference  was  about  as  often  in  one  direction  as  in  the  other.     It  must 

admitted  that  ou:  throughout  are  less  concordant  for  the  two 

hands  than  are  those  published  by  Stewarl  and  it  is  possible  that  with 
better  technic  we  should  1"'  able  to  demonstrate  some  constant  differet 
between  the  hand  exposed  to  the  irritant  and  the  one  not  so  expos 
We  feel   satv   in   asserting,   however,   thai    the  effeel    if   present    is  but 
slightly  relal  the  very  marked  variations   in  the  blood-flow  pro- 

duced  by  thermic  and   b]    other  influence.     Certainly   it   could   not  be 
objected    thai   our   failure   to  obtain   more   mai  3ults   was   due   to 

ifficienl  irritation  of  the  skin.     In  the  earlier  experiments  the  hand 
was  expi  the  mustard  hath  only  during  it-  Btay  of  about   fifteen 

minute-  in  the  calorimeter,  but  in  the  latter  i  rperiments  a  preliminary 
ing  in  a  mustard  hath  for  fifteen  minutes  of  more  usually  produced 
redness   and    smarting   before   the  determination    itself   was    made  and 
were   increased  during  the  determination.     We  always  attempted 
top  shorl  of  producing  a  definite  dermatitis,  bul  in  two  experinn 
al  leasl  (No.  2  of  Table  L,  and  No.  9  of  Table  2)  tl  Tl 

former  has  already  been  alluded  to;  the  latter  was  ool  associated  with 
a  definitely  increased  blood-flow  during  the  hath. 

Two  explai  atioi  ' ffered  for  thai  a  local  reddening 

in  i-  i  ited  with  an  increased  rate  of  flow  in  (he  1 


I'..  Hewlett,    A.    W.:     "  of    Room    Temperatures    Upon    I 

Etc..  Heart,  Hi.  1911,  230. 
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In  the  first  place  it  is  possible  that  although  the  flow  through  the  skin 
is  increased  the  flow  in  the  deeper  structures  of  the  hand  is  proportion- 
ately diminished  so  that  the  resultant  of  the  two  is  nil  or  nearly  nil. 
In  the  second  place  the  reddening  may  be  due  to  a  dilatation  of  the 
small  cutaneous  capillaries  and  veins,  while  the  arterioles  which  are 
believed  to  exercise  a  predominating  influence  on  the  local  flow  are 
unaffected.  "We  incline  toward  the  latter  explanation  chiefly  for  the 
reason  that  when  the  flow  in  both  hands  was  slow  the  hand  exposed  to 
mustard  frequently  showed  a  slightly  cyanotic  color,  which  would  indi- 
cate that  the  cutaneous  vessels  were  dilated,  but  that  the  flow  through 
them  was  not  sufficiently  fast  to  bring  much  arterial  blood  to  the  surface. 

conclusions 

1.  Irritation  of  the  skin  by  a  mustard  bath  short  of  producing  a 
definite  dermatitis  does  not  materially  increase  the  rate  of  blood-flow 
through  the  hand  relative  to  the  hand  whose  skin  is  not  so  irritated. 

2.  The  local  redness  is  probably  due  to  a  dilatation  of  the  cutaneous 
capillaries  and  venules  without  a  corresponding  dilatation  of  the  under- 
lying arterioles. 


CONCERNING     THE     PRESENCE     IN     URINE    OF    CERTAIN 
PRESSOR     BASES* 

.MM  HUE  STANLEY  GRANGER,  M.D. 

DOS    \  m.i.i  ES,    CAL. 

Probably  the  first  work  on  the  presence  of  toxic  alkaloid-like  bast 
putrid  meat  and  urine,  ami  their  significance  for  purposes  of  diagnosis  in 
disease,  was  done  by  Selnii  in  1880.    In  1S8-1  Bouchard  began  his  di 
opment  of  the  idea  of  urinary  toxicity  as  measured  by  biological  experi- 
mentation,  and  its  application  to  clinical   problems.     Bouchard's  work. 
and  that  of  other  French  writers,  gave  an  impetus  to  the  investigation 
of  the  chemical  character  oi    the  toxic  elements  in  urine:  and   in  this 
connection,  attention  became  directed  particularly  toward  those  of  a  bas 
alkaloid-like  nature,  and  many  such  have  been  identified.1 

In  L906  Abelous2  directed  attention  to  a  certain  phase  of  this  subject, 
by  isolating  from  putrid  meat  ance,  basic  in  nature,  which,  when 

injected  into  animals,  produced  a  pronounced  rise  in  blood-pressure.  He 
was  unable  to  identify  this  base  with  any  degree  of  accuracy,  but  assigned 
to  it  the  provisional  Formula  r,IIM\'<>  .  Rosenheim,8  in  1909,  found 
that  from  the  products  of  the  putrefaction  of  Eresh  human  placentas 
could  isolate  two  pressor  principles  which  were  identical,  both  physio- 
logically and  in  melting-poinl  and  crystallization,  to  two  Bubstancee  iso- 

d  about  the  same  time  by  Barger  and  Walpole  from  putrid  meat,  by  a 
somewhat  different  process  than  that  u~n]  by  Abelous.  However,  Barger 
and  Walpole,*  by  using  large  quantities  of  meat,  were  able  to  obtain  tl 
pressor  bases  in  sufficient  amount  to  identify  them  as  isoamylamine  and 
parahydroxyphenylethylamine,  which^made  it  probable  that  the]  wen 
formed  bj  bacterial  decomposition  from  leucin  and  tyrosin,  respectively, 
by  the  splitting  off  of  <'<>,.  In  1  '-m~  \  -  lous  reported  that  he  had  isol 
from  normal  urine  a  basic  substance,  Boluble  in  ether,  which  physiologically 
apparently  identical  with  the  base  he  obtained  from  putrid  meat.8 
In  1909  Bain8  reported  having  obtained  from  normal  urine,  two  pre* 


Manuscript   submitted  for  publication  June  17.  1912. 

From  the  Otho  8.    \    Sprague  Memorial   Institute,  Chics 

I.  Foi  .i  critical  review  of  tbe  earliei  literature  <>n  t li i »  subject,  reference  can 
be  made  to  Kutscher'c  article  in  Uxlerhalden'a  Eandbucb  der  Biochemischen 
Irbeitsmethoden,  1910,  hi   '   B63;  and  to  thai  ol  Ackermann  2,  p.  1002. 

■_'.  Abelous:  Compt.  rend.  Soc.  de  biol.  l"1"''.  Iz,  168;  ibid.  1906,  lz,  681. 

:;.   Rosenheim:  Jour.   Physiol.    (Eng.)    1909,  xxxviii,  337. 

i    I '. : 1 1  - .  r  and  Walpole:  Jour,  of  Phys.   (Eng.)    1909,  sxxviii,  848. 

:,.    Abelous:  I  ompt.  rend  Soc.  de  biol.,  1909,  Ixv,  848;  ibid.,  1909,  lw.  696. 

8    Bain:  Lancel   (London),  1909,  ii,  366,  ibid.,  1910,  i,  1190;  ibid.,  1911,  i,  1400 
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substances,  one  soluble  in  ether,  presumably  isoamylamine,  the  other 
soluble  in  amyl  alcohol  and  supposedly  parahydroxyphenylethylamine.  He 
further  found  that  in  several  cases  of  high  blood-pressure,  these  pressor 
principles  were  either  entirely  absent  from  the  urine  or  in  greatly  dimin- 
ished amounts;  that  on  a  mixed  diet  they  were  in  greatest  quantity,  and 
greatly  lessened  if  the  person  whose  urine  was  used  was  on  a  vegetable 
diet.  Bain  also  noted  that  the  bases  were  absent  from  children's  urine 
up  to  the  age  of  12,  and  began  to  be  excreted  about  the  fourteenth  year. 
Similar  observations  had  previously  been  made  by  Abelous  with  his 
urinary  extract,  which  he  terms  "Urohypertensine."5 

Barger  and  Dale7  have  shown  that  the  watery  extracts  of  ergot  are 
very  similar  in  melting-point  and  crystallization  to  parahydroxyphenyl- 
ethylamine, and  that  their  physiological  action  is  practically  identical. 
Such  a  preparation  has  been  put  on  the  market  by  Burroughs,  Wellcome 
and  Co.,  under  the  trade  name  "Tyramine,"  .005  gm.  of  which,  when 
injected  into  animals,  gives  quite  a  pronounced  rise  in  blood-pressure. 
Dale  and  Dixon8  worked  on  the  physiological  action  of  isoamylamine  and 
parahydroxyphenylethylamine,  obtaining,  in  brief,  the  following  results : 
When  injected  into  cats  under  ether  anesthesia,  they  both  cause  a  distinct 
rise  in  blood-pressure,  but  much  less  than  epinephrin,  the  curve  rising 
and  terminating  more  slowly  than  the  latter,  with  a  longer  latent  period. 
Of  the  two,  isoamylamine  is  the  less  powerful.  Both  cause  an  increase  in 
the  output  of  the  heart  by  increasing  the  rate  and  amplitude  of  the  beat. 
Isoamylamine  produces  a  primary  depression,  parahydroxyphenylethyla- 
mine does  not.  When  injected  into  the  circulation,  both  cause  a  reflex 
inhibition  through  the  vagi,  with  a  marked  diminution  in  the  rate  of 
outflow  from  the  vessels  of  the  periphery  and  intestine.  Isoamylamine 
further  causes  a  constriction  of  the  vessels  of  the  lungs,  and  a  slight 
constriction  of  the  bronchioles.  Both  cause  a  contraction  of  the  pregnant 
uterus  and  inhibit  activity  of  the  non-pregnant  organ,  the  same  as 
epinephrin,  although  labor  was  not  induced  by  administration  made  a 
week  before  term.  Both  substances  cause  a  dilatation  of  the  pupil,  pro- 
trusion of  the  eye-ball  and  secretion  of  tears.  They  act  when  given  either 
hypodermatically  or  by  mouth,  and  they  are  absorbed  more  readily  through 
the  alimentary  canal  than  is  epinephrin.  Their  action  is  not  strictly,  but 
mostly,  limited  to  the  periphery  and  there  confined  to  muscles  and  glands 
receiving  a   sympathetic   supply.      By    a   comparison   of   the   structural 


7.  Barger  and  Dale:  Jour.  Physiol.   (Eng. )    1909,  xxxviii,  77. 

8.  Dale  and  Dixon:  Jour.  Physiol.    (Eng.),  1910,  xxxix,  25. 
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formulae  of  the       •  -  with  that  of  epinephri-  .  Llarity  can  further 

be  noted : 

CH3 

>CH— <  II—  (  II  —Nil  Miylamine 


I   II 

HO 
HO 


\~~^)>     Ul-     ( '"-■    xn-  Parahydroxyphenylethylamine 


HO<^     S— CH(OH)— <  II,— XII— (  II  Epinephrin 

Harvey9  recently  reported  some  interesting  effects  of  the  prolonged 

ingestion  of  parahydroxyphenylethylamine  by  animals.    He  both  fed  and 

injected  rabbits  daily  with  a  2  per  cent,  solution  of  this  substance  over 

a   period   varying  from   eighty   to    300   days,   gradually    increasing  the 

amount.     He  then  killed  the  animals  and  found  that  out  of  thirty-three. 

twenty  had  developed  renal  lesions,  in  twenty-five  there  were  lesions  in 

the  mesial  coats  of  the  arteries,  and  in  ten  the  heart  was  enlarged  and 

fibrous.     His  work,  however,  is  open  to  criticism,  in  that  lie  fails  to 

te   the    source   of    the    "parahydroxyphenylethylamine"'*    used    in   his 

riments,  the   inference  being  that   "Tyramine"  was   the  substance 

•doyed.     We  do  not  know  that  chemically  this   is   the  same  as  the 

supposed  parahydroxyphenylethylamine  isolated  from  normal  urine 

significance  of  the  work  of  Abelous,  Bain,  I!  ind  othi  rs 

cerning  these   pressor   bases,   is  apparent  if  corroborated.     It  strongly 

-  the  possibility  that  certain  diseased  conditions  which  manifest 

a  tendency  to  high  blood-pressure,  notably  art<  -  -  and  nephritis, 

-.(1  by  the  formation  and  absorption  of  putrefactive  pree 
bases   in   the   intestine.      Furthermore,   the  work  which   has   just    b 

ed,  would  tend  to  indicate  that  even  in  health  some  formation!  of 
urs,  and  it  would  be  plausible  enough  to  assume  that 
under  certain  conditions  of  diet  or  <<  its  of  these  sub- 

would   I"    found   greatly   augmented;  and   again,  that   if  some 
hod  were  at  hand   for  measuring  them, -the  amount  <■>'  putrefactive 
ight  be  made  a  useful  clinical  index  of  the  extent 
to  which  this  variety  of  poisoning  was  going  on.    The  possibility  sugg 
itself  also,  that  an  increase  in  the  amount  of  putreiactii  absorbed 

by  the  body,  might  be  responsible  Dot  only  for  the  chronic  i  rith 

high   blood-pressure  and   organit  in   the   kidneys  and   card 

cular  apparatus,  but  for  certain  other  Bymptoms  as  well,  the  cai 
.iiicli  are  at  presenl  little  understood,  among  which  may  be  mentioi 

■  ipation  headaches,  asthma  and  perhaps  certain  cutaneous 
disturbances.      Much   of   value   in   dia  prophylaxis   and    clinical 

knowledge  would  seem  to  be  involved  in  a  stud}  of  this  problem. 

Working  toward  a  solution  of  il  ■  Bhould  have  to  go  to 

the  beginning  oamylamine  and  parahydro 


9.  Harvei  :   Path,  am  1911,  \liii.  95. 
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phenylethylamine,  formed  in  the  intestine?  Thus  far  this  question 
cannot  be  answered  positively,  for  they  never  have  been  isolated  from 
the  feces  and  analyzed  as  such,  although  Abelous  in  attempting  to  find 
where  his  •*TJrohypertensine''  was  formed,  took  450  gm.  of  intestinal 
contents  and  treated  it  with  three  times  its  volume  of  alcohol.  By  extract- 
ing in  the  same  way  as  with  his  method  of  urine  extraction,  he  was  able 
to  obtain  a  pressor  substance,  so  he  assumes  that  it  is  formed  in  the 
intestinal  canal.10  We  must  remember,  however,  that  Abelous'  efUro- 
hypertensine"  has  never  been  identified  chemically.  Color  is  given  the 
idea  by  an  experiment  performed  by  Barger  and  Walpole,4  who  added 
1.7  gm.  of  tyrosin,  dissolved  in  sodium  hydroxid,  to  300  c.c.  of  broth 
and  sterilized.    Thev  then  infected  this  with  a  culture  from  human  feces 


Table  1. — Showing  [Methods  of  Extraction  Used,  and  Effects  on 
Blood-Pbessere* 


Amount 
Used 

Method 

Extracts 

3 

=      2 

"3 

c.c. 

-  C  u 

ill 

ill 

1 

2.500 

Bain 

Ether  and  Amyl 

6 

2 

None 

2 

2.500 

Bain 

Ether  and  Amvl 

6 

3 

Xone 

3 

2.500 

Bain 

Ether  and  Amvl 

6 

4 

Xone 

4 

2.500 

Bain 

Ether  and  Amvl 

6 

5 

Xone 

5 

2.500 

Bain 

Ether  and  Amvl 

6 

6 

Xone 

6 

1.000 

Abelous     ( first ) 

Alcohol 

10 

10 

Xone 

7 

1.000 

Abelous   (second) 

Ether 

10 

10 

Xone 

8 

1.000 

Abelous    ( first ) 

Alcohol 

10 

10 

Xone 

9 

1.000 

Abelous   (second) 

Ether 

10 

10 

Xone 

*The  specimens  of  urine  were  normal  and  the  source  was  the  personnel  of  the 
laboratory. 

and  allowed  it  to  putrefy  at  37  C.  for  four  days,  together  with  the  same 
quantity  of  broth  with  no  tyrosin  added,  as  a  control.  By  extraction,  a 
substance  was  obtained  from  the  former  which  resembled  parahydroxy- 
phenylethylamine  in  its  physiological  effects. 

The  next  question  presenting  itself  is,  If  these  bases  are  formed  in 
the  intestine,  what  are  their  effects  in  the  organism  ?  Are  they  absorbed 
as  such  in  amount  sufficient  to  cause  symptoms,  and  do  they  remain  as 
such  in  their  circulation  through  the  body,  finally  to  be  excreted 
unchanged  in  the  urine?  Some  light  has  been  thrown  on  this  by  the 
work  of  Ewins  and  Laid! aw,11  who  fed  parahydroxyphenylethylamine  to 
dogs  (0.5  gm.  to  an  8  kilo  dog)  and  were  able  to  recover  from  the  urine 
but  25  per  cent,  of  the  parahydroxyphenylacetic  acid  which  was  theoreti- 


10.  Abelous:  Jour,  de  physiol.  et  path,  gen.,  1909,  xi,  34. 

11.  Ewins  and  Laidlaw:* Jour,  of  Phvsiol.    (Eng.),  1910,  xli,  78. 
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cally  possible.    They  then  perfused  the  substam  s        dog's  li\ 

and  after  two  hours  no  trace  could  be  obtained,  but  TO  per  cent,  of  the 
possible  amount  of  parahydroxyphenylacetic  acid  was  recovered,  showing' 
that  the  liver  had  the  power  to  change  the  base  in  its  circulation  through 
it;    By  perfusion  through  the  uterus.  .008  gm.  of  crystalline  oxyphen- 
ylacetic  acid  was  obtained,  which  fact  Mould  tend   to  show  that  either 

muscles  of  the  uterus  or  those  of  the  bloods   -- 
transform  the  amine  into  the  corresponding  acetic  acid. 

In  order  to  attack  these  questions,  certain  preliminary  worl 

.  and  we  decided  to  proceed  along  the  following  Lines:  (  1  )  To 
confhm.  if  possible,  the  finding  of  these  pressor  substances  in  putrid 
meat  and  urine;  (2)  to  ascertain  the  relative  amoui  -  in  the 

urine   of   healthy   individuals   on   different    diets,   and    the   amounts    in 
various  diseased  conditions,  and  for  facilitating  the  latter  to  devise,  if 
possible,  a  method  for  estimating  the  quantities  of  these  substances  in 
th  •  urine,  which  would  be  simple  enough  for  use  with 
and  not  too  elaborate  for  the  clinical  laboratory  as  ordinarily  equip! 

We  accordingly  attempted  to  obtain  the  two  bases  from  putrid  meat, 
using  the  method  of  isolation  employed  by  Bayer  and  Walpole,  which. 
briefly,  is  a=  folio? 

<  me  kilo  of  mi  at   (beef)   was  stripped  of  it-  tendon  and  fat,  ground  up,  trans- 
ferred to  a  large   bottle  fitted   with  a   perforated  cork,  with   tube  to  allow  the 
-    and  placed  in  an  incubator  nt  :;7  «  .  to  putrefy.     The  meat  waa 
not  inoculated  with  any  organisms.    After  eight  days  when  the  mass  had  partially 
liquefied,  it  was  removed  and  made  acid  with  dilute  IK  1.  and  the  proteins  coagu- 
lated in  a  steamer  it  100  C.    Tlie  mass  was  then  filtered  and  the  filtrate  <  va.porated 
in  vacuum  to  a  thick  Byrupy  consistency.    This  was  then  thoroughly  mixed  with 
tracted   with  acetone;   the  acetone  solution  was  evaporated  and  the 
[ue    Bhaken    with   chloroform.     The   chloroform    Bolution    was   extracted    by 
means  of  dilute  aqueous  BC1,  which  was  then  made  alkaline  with  dilute  NaOB 
extracted  repeatedly  with  ether.     By  dehydrating  the  ethereal  solution  with 
;ml  iiiim  Bulphate  ami  adding  an  anhydrous  ethereal  solution  of  oxalic 

acid.  ;.  white  j< r»*c i p i t :i t :curred,  which  was  collected  <>n  a  Biter,  diied  and  dis 

Bolved  in  distilled  water  or  physiological  -alt  Bolution.  This  represented  the 
alleged  ether-soluble  principle,  isoamylamine.  The  alkaline  residue  iefi  after  the 
ether  extraction  waa  washed  with  amy!  alcohol  to  remove  all  other  bases,  the  aque 
on-  Bolution  then  made  Blightly  arid  with  dilute  11*  I.  and  again  alkalinized  with 
-odium  carbonate  and  extracted  with  amy]  alcohol  twice,,  In  this  manner  1 1  »•  - 
base  parahydroxyphenylethylamine  should  be  separated,  dissolved  in  the  amy] 
alcohol.  '11m  alcohol  waa  now  removed  by  distillation  and  the  residue  dissolved 
in  distilled  water  for  injection. 

We  were  enabled  thus  to  obtain  i\\"  solutions  which  had  I 

blood-pressure  ascribed  to  them  b]    Dal<   and  Dixon,  namely,  a  rise, 

with  the  added  observation  thai  when  given  in  large  amounts  they  caused 

an   immediate  fall   in  pressure,  the  anima    tal  ii  or  f*>ur  deep 

inspirations,   followed    bj    an    immediate  piration    and 

eat. 
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Table  2. 


We  then  attempted  to  obtain  from  the  urine  such  a  pressor  substance 
according  to  the  method  employed  by  Abelous.  He  first  used  an  alcoholic 
.  extract,  evaporating  1.000  c.c.  of  urine  on  the  water-bath  almost  to 
dryness  and  taking  up  the  residue  with  500  c.c.  of  95  per  cent,  alcohol. 
After  standing  and  filtration,  the  alcohol  was  evaporated  on  the  water- 
bath  and  the  remaining  liquid  made  slightly  alkaline  with  sodium 
bicarbonate  and  injected  into  dogs  in  doses  of  10  c.c.    Abelous  later,  in 

-Showing  Effects  ox  Blood-Pressure  of  Urinary  Extracts  from  Patiexts  ox  Various  Diets  axd 

ix  Various  Abnormal  Coxditioxs 


c 

c 

Condition 
of  Patient 

{5  « 

.~    4) 

3 

tn 

Effect    on 
Blood- 

c 

:Z" 

y  cm 

o    4> 

3-  ^ 

-4J 

V 

3 

-3 

-  Z 

—  * 

Pressure 

10 

Mrs.  M. 

Pernic.  Anemia 

1,200 

1,000 

Normal 

Acid 

! 

Meat  Free 

Ether 
Amyl 

3 
3 

None 
None 

11 

Mr.  K. 

Gastric  Ulcer 

3,000 

1,000 

Normal 

Acid 

Beef,   Eggs 
and  Cereals 

Ether 
Amyl 

2 

3 

None 
None 

12 

Mrs.  D. 

Neurasthenia 

1,100 

1,000 

Normal 

Acid 

Mixed 

Amyl 

4 

None 

13. 

Mr.   H. 

Gastric  Ulcer 

1.500 

1,000 

Normal 

Acid 

Mixed 

Amyl 

5 

None 

14. 

Mrs.   S. 

Leukemia 

1.700 

1.000 

Normal 

Acid 

Mixed 

Ether 
Amyl 

3 
2 

None 

None 

16 

Mr.   K. 

Gastric  Ulcer 

2,200 

2,000 

Normal 

Acid 

Beef,    Eggs 
and  Cereals 

Ether 
Amyl 

4 
5 

None 
None 

!■: 

Mr.  L. 

Arthritis 

2,500 

1,000 

Normal 

Acid 

Mixed 

Ether 
Amvl 

3 

4 

None 
None 

17 

Mr.   L. 

Arthritis 

2,200 

1.000 

Normal 

Acid 

Mixed 

Ether 
Amyl 

2 
o 

None 
None 

18 

Mr.   L. 

Arthritis 

2,650 

1,000 

Normal 

Acid 

Mixed 

Ether 
Amyl 

3 
3 

None 
None 

19 

Mr.   L. 

Arthritis 

2,650 

1.000 

Normal 

Acid 

Mixed 

Amyl 

4 

None 

20 

Mr.   W. 

Cystitis 

1 

1,000 

Bacteria, 
Pus  Cells 

Alk. 

Mixed 

Ether 
Amyl 

4 
4 

Fall,  Urine  stood 
in  Lab.  4  days 

21 

Mr.    L. 

Tabes 

1 

1,800 

Bacteria, 

Largely 

Ether 

3 

None 

Pus  Cells 

Alk. 

Meat 

Amvl 

3 

None 

22 

Mr.   W. 

Arthritis 

2,250 

1,000 

Normal 

Acid 

Mixed 

Ether 
Amvl 

5 
5 

None 
None 

23 

Mr.   W. 

Tabes 

2.250 

1,300 

Bacteria, 

Largely 

Ether 

4 

None 

Pus  Cells 

Alk. 

Meat 

Amyl 

4 

None 

24 

Mr.    B. 

Cirrhosis 

2,000 

1,500 

Normal 

Acid 

Mixed 

Ether 
Amyl 

4 
4 

None 
None 

•The  amount  of  extract  in  each  instance  was  6  c.c,  and   the  method  was  the  author's  modification  of  Abelous' 
and  Bain's  methods. 

order  to  obtain  a  purer  extract,  modified  the  method  as  follows:  1.000 
c.c.  of  normal  urine  was  saturated  with  HgCL,  let  stand  for  some  hours 
and  filtered.  The  mercury  was  removed  with  H2S  and  the  filtrate 
evaporated  on  the  water-bath  to  about  12  c.c.  This  was  taken  up  with 
300  c.c.  of  absolute  alcohol,  shaken  and  filtered.  The  filtrate  was 
evaporated  until  no  more  alcohol  remained ;  the  residue  was  now  made 
alkaline  with  bicarbonate  of  soda  and  at  the  end  with  a  solution  of  soda 
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and  extr;  several  time?  with  ether.     To  the  ethereal  solution 

added  a  solution  of  oxalic  acid  in  ether,  which  produced  a  white  p 
cipitate:  this  was  dried  on  a  lilter  over  sulphuric  arid,  dissolved  in  10 
c.c.  of  distilled  water  and  used  for  injection.     We  followed  literally  both 
of  the  above  methods,  so  far  as  the  none  too  exact  description  of  A 
permitted,   using  the   saphenous   vein   of  dogs    for   injection,  but   -•■ 
unable  to  obtain  a  rise  of  blood-pressure  in  several  trials. 

Attention  was  then  turned  to  the  method  employed  by  Bain.      Ee 

id  the  urine  directly  with  ether  after  rendering  it  alkaline  to 

litmus.     Then  making  it  acid  with  HC1  and  again  alkaline  with  sodium 

carbonate,  he  extracted  with  amyl  alcohol:  but  later  in  order  to  avoid 

tain  colloid  substances  which  interfered  with  the  ether  extraction,  he 
found  the  following  method  to  be  preferable  and  it  was  used  by  us: 

Urine  to  the  amount  of  2.500  c.c.  from  person-  on  a  mixed  diet  was  thoroughly 
shaken  with  4.5  per  cent,  of  blood  charcoal,  which,  he  states,  removes  not  only 
the  colloid  substances  but  the  bases  as  well.  This  was  filtered  and  the  I 
removed  from  the  charcoal  by  boiling  with  dilute  IK  1.  This  mass  was  again  Al- 
tered, the  acid  filtrate  rendered  alkaline  with  NaOH,  and  extracted  ten  times 
with  ether.  It  was  then  made  acid  with  1H1  and  alkaline  with  sodium  carbonate 
and  extracted  with  amy!  alcohol  twice.  Hoth  the  ether  and  amyl  alcohol  extl 
were  then  shaken  with  dilute  1K1  and  the  acid  solutions  evaporated  almost  to  dry- 
ness on  the  water-bath.  The  excess  of  acid  was  remove. I  in  a  desiccator  over  -..da- 
lime,  and  the  residue  made  neutral  and  taken  up  in  <>  cc.  of  distilled  water.  Two 
to  3  c.c.  of  this  -olut  ion  was  used  for  i  ach  injection. 

Although  wi  »ome  ten  specimens  of  urine  by  this  method, 

in  none  of  them  were  we  able  to  obtain  any  pressor  substance  in  either 

'ii\  !   alcohol   o\tra,  ts. 

Iii  order  to  obviate  any   loss  of  substance  which  might  occur  during 
the  extrai  tion  of  large  bulks  of  urine,  we  somewhal  modified  the  pre^ 
thode  of  extraction,  using  from  1,000  to  -.'.nun  c.c.  of  urine,  which  we 
porated  in  vacuum  at  10  c.  to  aboul  '.  In  some  instances  25  per 

;.  phosphoric  acid   was  added   in  quantitj    sufficient   to  prevent   any 
volatile  amines  going  over;  in  othi  id  was  ool  used.    The  residue 

-  taken  up  with  300  and  the  filtrate 

tporated  until  all  the  alcohol  had  passed  off.     The  solution  was  then 
made  alkaline  with  NaOH  and  extracted  with  ether,  the  method  of  Bain 
ollowed  from  this  point.     In  none  of  ten  urines  did  we  obtain  a 
tance  by  this  method. 
Ai  the  orini  -  in  the  first  seri<  -  h  ued  from  the  pers 

laboratory,  and  the  others  from  hospital  patients  on  a  m  .  we 

sought  to  explain  our  inability  t<»  gel  the  characteristic  bases  on 

ml  that  perhaps  there  had  nol  been  enough  meat  in  t' 
ordingly,  we  placed  in  the  hospital  man  24  years  of  age,  who 

i  ormal  in  every  particular,  bo  far  as  could  be  judged  from 
mination   and  .   and   gave   him   a   diet  I in'_r 
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I'able  3. 


largely  of  meat.  During  tills  time  he  was  constipated  by  administrations 
of  opium.  A  specimen  of  his  urine  before  the  meat  diet  was  started  was 
extracted  and  extracts  made  from  daily  twenty-four-hour  specimens  fol- 
lowing. On  the  fifth  day  a  cathartic  was  administered,  and  the  patient 
put  on  a  meat-free  diet,  the  urine  being  collected  and  extracts  made  as 

-Showing  Effect  ox  Blood-Pressure  of  Urinary  Extracts  from  a  Normal  Individual  ox  a  Mej 

axd  Meat-Free   Diet 


•24 
25 


27 


28 


6        29 

30 
31 


"a  ■* 


1,600 
1.600 


26       2.400 


j5° 


Condition 

of  Urine 


1,000       Some  phosphates, 
otherwise  normal 


1,000 


2.200 


1.750   1    1.000 


2,550 

1,950 

2,050 
2,100 


1,500 

1,000 

1,100 
1.000 


32      2,000   I    1,200 


Normal 

Normal 

Normal 

Normal 

Normal 

Normal 
Normal 
Normal 


Acid 
Acid 

Acid 


Our 

Modified 

Our 
Modified 


Our 

Modified 


Acid   i    Abelous' 


Acid       Bain 


2  x 
is 


Effect  on 

Blood- 
Pressure 


Acid 

Acid 
Acid 
Acid 


Our 

Modified 


Our 
Modified 

Our 
Modified 

Our 
Modified 


Ether 
Amy] 
Ether 
Amyl 


Ether 
Amy] 


Ether 


Ether 

Amvl 


Ether 
Amvl 


Amvl 
Ether 
Ether 
Amvl 
Ether 
Amvl 


10 


Very  slight 

rise 

0 


■Extracts  of  two  day-  added  together. 

before.  In  one  sample  the  method  of  extraction  employed  by  Bain  was 
used;  in  another  Abelous'  method,  while  in  the  rest  our  modification  of 
Bain's  and  Abelous'  methods  was  employed.  As  will  be  seen  by  the 
accompanying  table  (Table  3),  in  only  one  instance  was  there  any  rise 
of  blood-pressure  obtained  by  injections  in  dogs,  and  that  so  small  as  to 
be  without  significance. 
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In  all  the  above  experiments  small  dogs  of  about  6  kilos  weight  have 
been  used  in  the  physiological  tests,  the  animals  etherized,  trachea  exposed 
and  cannula  attached  to  ether  bottle  inserted,  blood-pressure  taken  from 
the  carotid  and  recorded  on  the  revolving  drum.  In  some  instances  the 
cord  was  cut  in  the  cervical  region  and  respiration  kept  up  artificially. 

We  have  extracted  some  thirty-seven  urines  for  these  pressor  sub- 
stances, and  with  none  of  our  preparations  has  any  such  rise  of  pressure 
as  described  by  Abelous  and  Bain  occurred.  There  are  several  ways  in 
which  these  negative  results  might  be  interpreted.  (1)  The  substances  are 
not  in  the  urine,  or  (2)  they  occur  in  such  small  quantities  as  to  be 
negligible  in  the  amount  of  urine  used  for  extraction,  or  (3)  the  technic 
on  our  part  has  been  faulty.  As  we  have  gone  over  every  step  carefully 
in  the  methods  employed,  varying  at  times  some  detail  where  it  occurred 
to  us  a  mistake  might  be  possible  on  account  of  the  inaccuracy  of  the 
methods  as  given,  it  is  hard  for  us  to  draw  this  last  conclusion.  It  is 
possible,  however,  that  results  of  different  kinds  might  be  obtained  if  one 
had  to  rely  exclusively  on  the  extraction  methods  as  given  by  the  various 
authors  in  their  reported  articles,  for  not  only  are  they  difficult  to 
interpret,  but  woefully  lacking  in  details  which  are  essential  to  careful 
work.  In  considering  whether  these  pressor  bases  are  present  in  normal 
urine,  as  the  work  of  Abelous  and  Bain  would  tend  to  show,  it  should  be 
recalled,  that  we  are  starting  out  with  the  assumption  that  the  substances 
are  formed  in  the  intestine  and  excreted  as  such  in  the  urine.  Conse- 
quently we  should  consider  the  question  as  to  whether  these  bases,  even  if 
present  in  the  bowel,  may  not  be  changed  in  the  organism  during  their 
circulation  through  it,  into  compounds  which,  when  excreted  in  the  urine, 
may  fail  to  give  a  pressor  effect.  The  results  obtained  by  Ewins  and 
Laidlaw  by  perfusing  parahydroxyphenylethylamine  through  various 
organs,  as  reported  above,  would  tend  to  show  that  such  is  the  case. 

As  to  the  third  possibility,  it  is  recognized  by  all  who  have  attempted 
to  isolate  these  bases  from  the  urine,  that  they  occur  in  extremely  small 
quantities.  Indeed,  Barger  and  AYalpole4  evaporated  some  30  liters  of 
urine  and  were  unable  to  get  enough  of  a  pressor  substance  to  identify  it 
chemically.  Again,  the  methods  of  extraction  employed  are  not  only 
tedious,  so  far  as  practical  purposes  are  concerned,  but  somewhat  uncer- 
tain, as  it  is  a  well-known  fact  that  there  are  many  ether  soluble  base?  in 
urine,  and  from  the  lack  of  means  of  identification  at  hand  we  are  unable 
to  state  the  composition  of  a  given  extract.  It  occurred  to  us  at  the  start 
that  animal  injection,  for  an  estimation  of  different  degrees  of  blood- 
pressure  in  different  extracts,  is  faulty.  For  not  only  do  the  conditions 
affecting  each  animal  at  the  time  of  injection  have  to  be  taken  into  con- 
sideration, but  also  the  size  of  the  animal  and  the  number  of  injections 
into  each;  because  in  using  two  or  more  extracts  on  the  same  animal,  the 
second  probably  would  not  give  so  great  a  rise  as  the  first,  even  though  it 
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contained  a  pressor  substance  in  greater  amount,  on  account  of  fatigue 
and  other  factors.    (■  utly  the  present  methods  did  not  seem  to  us 

suited  for  clinical  work,  assuming,  as  we  did.  that  such  pressor  bases  arc 
present  in  the  urine,  since  we  required  a  more  rapid  and  accurate  means 
of  estimation  in  order  to  carry  out  anv  further  work.  Eeasonin?  alonor 
these  lines,  it  was  suggested  by  Dr.  Woodyatt  that  the  Rdnchese-Malfatti12 
formalin  titration  for  total  amino  and  ammonia  nitrogen  might  serve  as 
an  available  means,  as  already  applied  by  Henriques  and  Sorenson13  for  a 
variety  of  purposes.  We  found  that  .005  Lrm.  of  tyramine  (which  corre- 
sponds  closely  physiologically  and  chemically  to  parahydroxyphenyleth- 
ylamine)  gave  with  this  test  a  titration  figure  of  0.3  c.c.  <  X  10)  XaOII  ). 
We  accordingly  tested  by  this  method  several  specimens  of  urine  bo 
extraction  and  also  the  extracts  from  these  same  specimens,  which  sup- 
posedly contained  the  pressor  bases.  The  technic  employed  was  as  follows : 

pecified  amount  of  the  mine  or  ex  put  in  a  small  flask  or  b< 

and  diluted  with  50  c.c.  of  distilled  water.  Tn  a  second  container  was  put  5  c.c. 
of  formalin  (40  per  cent,  formaldehyd)  with  10  c.c.  of  distilled  water.  To  each 
of  tin-.'  solutions  was  added  .">  drops  of  phenolpthalein.  They  were  then  treated 
with  N/10  XaOII  until  the  first  permanent  pink  color  appeared.  The  solution-; 
were  now  added  one  to  another,  the  pink  color  disappearing.  The  eomhined  solu- 
tion was  then  titrated  with  X  10  NaOB  until  the  firs!  permanent  pink  appeared 
and  the  reading  was  taken.  The  numher  of  c.c.  of  N/10  NaOH  required  for  this 
used  empirically  a-  a  comparative  index  for  the  total  amount  of  ammonia  and 
amino-nitrogen  presenl  in  the  urinarj  extracts.  For  instance,  if  it  required  6  c.c. 
of  ff/10  NaOH  to  bring  tlie  pink  color  to  the  combined  solutions  in  one  extract 
and  8  <-.c.  in  another,  we  figured  that  there  would  he  more  basic  N  substance  in  the 
latter  and  that  animal  injection  might  --how  a  correspondingly  great  increase  in 
blood-pressure,  and  that  thus  eventually  we  might  for  clinical  purposes  obviate 
the  i  of  the  physiological  test.    A-  a  further  comparison  we  multiplied  the 

number  of  ,-.<■.  (say  6)  empirically  by  .0018  which  would  give  .0108  as  the  number 
of  [Trains  of  titrable  base  in  terms  of  \n,  in  .">  c.c.  of  mini-  or  extract.  In  100  c.c. 
there  would  in'  .2160  gms.  and  the  amount  for  1,000  c.c.  of  urine,  or  more,  may 
readily  b t  imated  1 1  om  this  pel  cent  i 

/flthough  tin-  results  obtained  by  I  the  above  method  wore  by 

no  ■  .it.  we  had  in  almost  every  case  some  formalin  titrable 

stance.    We  thi  9ubmi1  a  table,  showing  the  amount  presenl  in 

the  various  urines,  and  also  Hie  amount  in  the  extracts  of  each  urine  in 
terms  or  \    in  NaOH,    eekohed  for  1,000  e.c.  ol  mine,  as  that  was  the 

i"it  used  for  most  of  om-  extractions.  We  offer  this  merely  a-  an 
interesting  possibility.  Furthermore,  we  had  intended  to  check  up  and 
com  ilts  obtained   by  this  method   with  those  obtained   by 

animal   injection,  hut  Bince  we  were  unable  to  obtain  in  anv  of  the  mines 

;i  pressor  substance  which  could  be  demonstrated  h\  the  latter  means,  no 
comparison  was,  of  course,  post 

We  on  to  report  some  further  wot!.,  on  the  presence  of  pri 

in  the  f. 


12.  EToppe  Sej  ler:  Zl  ".  'v-i.  6,  199. 

I.:.   Henriques  and  Sorenson:   Ztsehr.  f.  physiol.  <  hem.,   1909,  lxiii.  No. 
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COXCLUSIOXS 

1.  Two  pressor  substances,  corresponding  to  isoamylaniine  and  para- 
hydroxyphenylethylamine  (as  identified  by  Barger  and  YValpole),  may  be 
isolated  from  putrid  meat. 

2.  The  formation  of  these  substances  in  the  intestine,  by  bacterial 
putrefaction  of  proteins,  is  probable,  but  whether  they  are  absorbed  and 
remain  unchanged  in  the  organism  to  be  excreted  as  such  in  the  urine,  is 
problematical. 

3.  The  isolation  of  certain  pressor  substances  from  normal  urine,  as 
reported  by  Abelous  and  Bain,  could  not  be  confirmed  by  us. 

4.  Further,  there  is  no  definite  chemical  proof  that  these  urinary 
.pressor  substances  are  isoamylamine  and  parahydroxyphenylethylamine. 

5.  Further  work  on  the  presence  of  these  pressor  bases  in  the 
organism,  and  their  possible  relation  to  certain  cases  of  high  blood- 
pressure,  would  seem  highly  desirable.  For  this  purpose  some  practical 
means  for  the  identification  and  measurement  of  these  substances  must 
be  developed.  The  formalin-titration  method,  applied  to  suitably  pro- 
pared  urinary  extracts,  offers  an  interesting  possibility  in  this  connection. 

I  desire  to  express  my  extreme  appreciation  to  Dr.  Joseph  L.  Miller  for  the 
instigation  of  this  work  and  for  his  valuable  assistance  at  all  times  during  the 
course  of  it;  to  Dr.  S.  A.  Matthews  for  his  aid  in  the  physiological  experiments,, 
and  to  Dr.  H.  Gideon  Wells  and  Dr.  Eollin  T.  Wbodyatt  for  suggestions  and  help. 
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A     (  RITK  ESM     OF     TWO      PEBCUSSION      M  KTHODS     FOE 
THE    DIAGNOSIS    OF    THE     ENLAEGED    THYMUS* 

EDWARDS   A.    PARK,   M.D..   and   W.    C.    McGUTJRE,  M.D. 

NEW    YORK 

Bednar  (1852),  Vogel  (1856),  von  Mayr  (186-2)  described  briefly 
the  percussion  si,Lrn-  of  the  enlarged  thymus.  Salili1  (1882)  first  made 
an  extensive  study  of  1  as  on  living  subjects.  Blumenreich2  (1902) 

investigated   the  signs   on   dead    -  ibjects,   comparing  the   shape  of  the 
percussion  dulness  with  I  ortion  of  the  gland  as  revealed  at 

the  subsequent  autopsies.  The  principles  for  determining  the  thymus  by 
percussion,  as  laid  down  by  Sahli  and  modified  and  amplified  by  Blumen- 
reich, hold  to-day.  Tiny  have  the  confirmation  of  anatomical  fact.  There 
have  been  advanced,  however,  two  percussion  methods  for  the  recognition 
of  the  enlarged  thymus  which  rest  on  anatomical  hypotheses.  The  present 
of  the  anatomical  conditions  underlying  these  two 
methods. 

While  the  methods  of  Sahli  and  Blumenreich  are  directed  at  the  more 
exact  determination  of  the  outline  of  percussion  dulness,  the  methods  in 

-tion  —  those  of  Jacobi8  and  Boggs4 —  aim  at  the  determination  of 
a  movable  dulness  at  the  thymus  site.  Jacobi  and  Boggs3  methods,  then. 
are  based  on  the  hypothesis  that  the  thymus  is  a  movable  organ. 

obilitj  ■  f  the  thymus  is  not  new.     It  had  had 
advocates  at  least  since  the  time  when  Grawitz  (1888)  became  the  expo- 

I  of  ilif  ■  !  theory  of  thymic  asthma.    Seme  of  the  adherents 

theory  of  thymic  asthma  (Behn5)  have  explained  the  dyspnea  on 
the  ground  that  during  expiration  the  movable  thymus  was  pushed  up 
into  the  neck,  during  inspiration  sucked  back  into  the  thorax  against  the 
trachea,  obstructing  it  in  a  valvelike  manner.  Other  exponents  of  this 
th<  o  held  thai  i  onnection  of  the  thymus  to  the 

thyroid,  the  thymus  may  be  drawn  upward  into  the  narrow  outlel 
thorax  by  dorsal  flexion  of  the  head  (the  hypothesis  of  Boggs9  percuss 


I  rom  the  Pathological  Department,  Not  York  Foundling  Hospital. 
I.  S.-ihli.  Hermann:     l>i<-  topographische  Percussion  im  Kindesalter,  J.  Dalph, 
Bern,  1882. 

Blumenreich,  Robert:   I  eber  die  Thymus  Dampfung.     Virchowa  Arch.  f. 
path.    \n;it..   L900,  cbt,  85. 

3,  Jacobi,    Abraham:   In  Modern  <  linical  Medicine,  edited  by  Abraham  Jacobi. 
It.   kppleton  i  Co.,  \'<  \\  Jfork,  p.  87.     Diseases  of  Children  (Footnote 

i.  Boggs,  T.   R.:    Percussion  Signs  of  Pcrsi  tenl   or   Enlarged  Thymus.     Thk 

'I..  HIVES    [NT.    Ml  I'..    1911,   %  iii.   ,; 

5    ii.iiii.   ]..-.    Die  Thymusstenose  und  deT  Thymustod.     Arch,  f.  ktin.  Chir., 
-    Cited  by  Gebelli,  Beitr.  i.  klin.  Chir.,  1910,  bn 
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method)  and,  there  becoming  wedged,  swells  and  exerts  pressure.  During 
their  operations  for  the  relief  of  thymic  asthma,  Eehn,  Erhardt,  Alsberg 
and  others  have  seen  the  thymus  bulge  into  the  neck  in  expiration  and 
disappear  into  the  thorax  in  inspiration ;  and  lastly,  Eehn  has  watched  the 
up  and  down  movements  of  the  thymus  in  the  thorax  by  means  of  the 
fluoroscope.  Jacobi  and  Boggs  alone,  so  far  as  we  know,  have  based  a 
method  of  thymus  diagnosis  on  thymus  mobility. 

Their  respective  methods  hypothecate  different  movements  of  the 
thymus.  While  that  of  Jacobi  presupposes  a  movement  in  an  antero- 
posterior direction,  away  from  and  back  against  the  anterior  chest  wall, 
the  method  of  Boggs  presupposes  an  up  and  down  movement  in  the  long 
direction  of  the  sternum.  For  the  diagnosis  of  the  enlarged  thymus, 
Jacobi6  places  his  subject  on  the  back  and  percusses  the  normal  thymus 
site  for  resonance,  on  the  supposition  that  the  enlarged  thymus  has  fallen 
away  from  the  anterior  chest  wall.  Then,  with  his  subject  lying  face 
downward,  he  percusses  the  same  area  from  underneath  for  dulness,  on 
the  theory  that  the  thymus  has  fallen  back  against  the  anterior  chest  wall. 
The  change  in  the  character  of  the  percussion  note  coincident  with  this 
reversal  in  posture,  Jacobi  regards  as  characteristic  of  the  thymus  gland. 

Boggs4  uses  a  more  complicated  procedure  to  determine  the  enlarged 
thymus.  He  puts  his  subject  into  the  sitting  position,  depresses  the  chin 
toward  the  sternum  and  outlines  the  dulness  "behind  the  manubrium  and 
in  the  interspaces."  He  then  retracts  the  head  toward  the  midline  of 
the  back  and  repeats  the  percussion.  If  the  former  dulness  is  that  of  the 
thymus,  it  will  now  be  found  "to  have  shifted  upward,  often  as  much  as 
an  interspace  or  more." 

Boggs  explains  the  anatomical  conditions  underlying  his  method  in 
these  words : 

The  gland  is  attached  by  one  or  two  suspensory  or  thyrothymal  ligaments 
to  the  lower  poles  of  the  corresponding  thyroid  lobes.  Otherwise  the  thymus  is 
but  slightly  bound  to  the  surrounding  tissues  and  is  free  to  move  in  the  direction 
of  the  long  axis  of  the  sternum.  If  it  is  borne  in  mind  that  the  thyroid  gland 
is  in  turn  connected  to  the  hyoid  bone  and  from  this  to  the  mandible  by  more 
or  less  continuous  ligaments  and  muscles,  it  is  seen  that  a  ligamentous  chain 
extends  from  the  anterior  part  of  the  lower  jaw  obliquely  downward  and  backward 
to  the  thymus. 

Turning  now  to  the  consideration  of  this  theory  of  thymus  mobility, 
we  may  say  at  the  outset  that  there  are  certain  relations  of  the  thymus 
to  adjacent  structures  which  force  themselves  on  the  attention  of  the 
operator  in  the  course  of  an  autopsy,  because  they  obstruct  his  progress. 
"When,  for  instance,  the  sternum  is  lifted  up  by  its  lower  end  and  a  view 
of  the  interior  of  the  thorax  obtained  from  underneath,  it  is  necessarily 


6.  Jacobi,  Abraham:  Therapeutics  of  Infancy  and  Childhood.    J.  B.  Lippincott 
Co.,  Philadelphia,  Pa.,  1908. 
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i  that  a  fascial  attache  thymus, 

this  attachment  nrasl  'I  before  I  mini  can  ved.     If 

an  attempt  is  made  to  lift  the  thymus  out  of  the  thorax,  the  pericardium 
together  with  the  heart  and  the  diaphragm  is  lifti      also.     Et  is  oft 

icult  to  locate  the  plane  of  cleavage  between  the  thymus  and  the  peri- 
cardium, so  close  is  their  union:  and  when  in  the  separation  of  the  two 
the  left  innominate  vein  is  reached,  it  is  often  accidentally  cut  away  with 
the  thymus,  so  firmly  adherent  is  it  to  the  thymus.     In  order  to  beci 
convinced  of  the  truth  of   these  statei 
ove  a  thymus  at  autoi 
The  thymus  is  contained  in  a  fascial  sac,  sule.     Between  the 

outer  surface  of  the  sac  and  the  thymus  a  loose  attach nt  exists.    Sur- 

-:    (Kdnig,  hvim.  Alsberg  and  others)    in   their  operations   for  the 
relief  of  thymic  asthma  have  made  use  of  this  fact,  that  when  the  caps 
of  the  thymus  is  opened,  a  huge  part  of  the  thoracic  portion  of  the  thymus 
ran  be  drawn  up  into  the  neck.     But  between  the  outer  surface  of  this 
structm  adition       ists.     In   front, 

capsule  is  atti  the  sternum  loosely.    At  the  sides,  it  is  j";' 

to  the  mediastinal  pleura.     Behind. "it  is  bound  to  the  pericardium   so 
ely  that  it  may  be  said  to  be  united  to  thai  structure;  it  is  entangled 
about  the  left  innominate  vein  and  closely  joined  to  the  sheaths 

Fascia]   prolongations  may  connect  it  with  the  trachea. 
bronchi  and  pulmonary  vein-.     Above,  is  in  continuity  with  the 

p  cervical  fascia.     It  is  importanl  to  note  also  in  this  connection  that 
when  the  thymus  is  mucl  ]  the  attachment-  of  it-  capsuli 

e  extensive.    For  example,  in  i  cases  in  which  the  thynms  has 

reached    the   diaphragm,   the   capsule       ;  ound   adherent    there. 

While,  then,  the  thymus  may  be  regarded  as  loosely  fastened  inside  its 
own  capsule,  the  capsule  itself  musl  be  thoughl  of  as  mosi   intimal 
attached,  no!  I  ructure  alone,  bul  to  all  thoracic  structures. 

ttachments  could  net  be  more  universal,  nor  those  pituated  pi 
riorly  much  (inner,  were  they  of  an  inflammatory  origin.     It  is,  theref 
difficuH  to  regard  the  thymus  as  a  movable  organ,. 

thymus,  then,  according  to  Boggs.  is  "attached"  by  "thyroth 
to  the  thyroid,  and  is  in  a  'ligamentous  chain"  connected  with 
the  "mandible."  Since  the  thymus  is  in  closer  attachmeni  to  the  peri- 
cardium than  to  the  thyroid,  and  Bince  the  pericardium  is  in  turn  attai 
to  the  diaphragm,  and  the  diaphragm  to  the  liver,  would  it  nol  be  as 
to  include  the  liver  in  this  ligamentous  chain  attached  to  the 
mandible?  Or,  in  reply  to  the  argument  thai  the  thymus  mu-t  be  drawn 
up  with  the  thyroid,  since  it  is  attached  h\  thyrothymal 


7.  li  in  I:    Die  1  read le$  Thymustodes,    Beitr.  z.  klin.  Chir.,  1907, 

lv.  509. 
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th vivid,  would  it  not  be  as  reasonable  to  say  that  this  might  occur,  were 
not  the  liver  present  to  weight  the  thymus  down?  The  term  ligament 
may  be  a  proper  term  for  the  connections  between  the  thymus  and  the 
thyroid,  but  the  word  gives  to  us  an  exaggerated  impression  of  the  actual 
condition.  The  connection  between  thymus  and  thyroid  exists  only  in  the 
deep  cervical  fascia,  which  is  stronger  about  the  trachea  than  elsewhere. 
Xor  can  we  agree  with  Boggs  in  his  statement  that  the  thymus  is  not 
overlapped  by  the  lungs,  for  the  lateral  and  inferior  parts  of  the  thymus 
are  always  overlapped  by  the  lungs.  "We  have  seen  more  than  once  a 
small  thymus  completely  covered  by  the  lungs.  The  description  which 
Boggs  gives  of  the  anatomical  conditions  supporting  his  theory  seem  to 
us  to  convey  a  false  impression. 

For  the  same  reasons  we  think  that  Jacobi's  conception  of  thymus 
mobility  in  the  anteroposterior  direction  is  untenable. 

We  have  investigated  the  truth  of  these  methods  in  a  series  of  twenty- 
nine  autopsies  performed  at  the  Yew  York  Foundling  Hospital.  In  each 
case  a  window  was  cut  in  the  upper  part  of  the  manubrium;  the  pleura 
was  not  ruptured.  The  thymus  could  be  inspected  through  this  window. 
With  the  bodv  in  a  dorsal  position,  we  invariably  found  the  thymus  in 
close  apposition  to  the  sternal  wall.  It  could  not  be  pushed  back  easily. 
This  finding  is  exactly  opposed  to  -Jacobi's  theory.  On  performing  Boggs' 
procedure  exactly  as  performed  by  Boggs  himself  on  the  living  subject, 
it  was  possible  to  observe  that  the  thoracic  portion  of  the  thymus  does 
not  move.  In  some  of  the  cases,  by  extreme  retraction  of  the  head,  the 
upper,  superficial  parts  of  the  thoracic  portion  of  the  thymus  might  be 
stretched  upward  a  distance  of  3  mm.  But  the  middle  parts  remained 
essentially  immobile.  By  exerting  a  powerful  traction  upward  on  the 
hyoid  bone,  the  entire  thymus  could  be  pulled  upward  2  or  3  mm.,  but  it 
carried  with  it  the  diaphragm,  pulling  the  costal  margins  in. 

But  even  if  the  thymus  were  movable  and  could  be  drawn  up,  the 
lower  border  of  thymus  dulness  would  not  be  shifted  upward,  provided 
the  lung  margins  remained  fixed.  Boggs  evidently  conceived  of  the 
thymus  as  hung,  biblike,  in  front  of  the  lungs,  else  how  could  ha  assume 
that  the  lower  border  of  thymus  dulness  varies  with  the  degree  of  eleva- 
tion of  the  thymus  ?  In  reality  the  lower  and  lateral  parts  of  the  thymus 
lie  behind  and  below  the  lung  margins  which,  separated  from  each  other 
above,  meet  at  the  level  of  the  second  or  third  rib,  demarcating  a  V-shaped 
area  of  thymus  tissue  between  them.  This  uncovered  Y-shaped  area  lies 
immediately  behind  the  manubrium  and  represents  the  percussion  area. 
The  lower  limit  of  the  thymus  dulness  does  not,  therefore,  coincide  with 
the  lower  border  of  the  thymus,  but  corresponds  to  the  margins  of  the 
lungs.  The  idea  that  the  lower  border  of  thymus  dulness  rises  when  the 
thymus  is  drawn  upward  is  actually  no  more  reasonable  than  would  be 
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the  idea  that  the  waistcoat  opening  would  be  shifted  upward  if  the  shirt 
is  drawn  upward  by  the  neckband.  It  is  true  thai  a  part  of  the  shirt, 
previously  below  the  level  of  the  waiscoat  opening,  by  this  procedure 
would  be  raised  above  it  and  come  into  view.  So.  parts  of  the  thymus 
previously  below  the  level  of  the  Y-shaped  opening  formed  by  the  Lung 
margins  would  be  drawn  up  into  the  percussion  area,  but  the  position  of 
the  lower  border  of  thymus  dulness  would  not  be  changed  so  long  a>  the 
lung  margins  remained  stationary. 

How  are  the  observations  of  Rehn,  Alsberg  and  others,  of  the  a 
ments  of  the  thymus  occurring  daring  their  operations  to  be  explain 
Our  answer  to  this  question  must  be  theoretical,  for  we  have  never  seen  the 
phenomenon  described  by  them.  We  should  suppose  that  the  movement 
consisted  chiefly  in  a  suction  of  the  cervical  portion  of  an  enlarged  thymus 
into  the  thorax  during  inspiration,  with  its  return  during  expiration  — 
that  such  is  the  case  rather  than  an  expulsion  of  the  thoracic  portion  of 
the  thymus  into  the  neck.  Since  in  obstructive  dyspnea  some  of  the 
movable  structures  of  the  neck  are  pulled  down  toward  the  cavity  of  the 
thorax,  among  them  the  trachea  with  the  thyroid,  it  could  be  conceived 
that  the  cervical  part  of  the  thymus  capsule  might  also  be  carried  down 
into  the  thorax.  This  appears  to  have  been  actually  so  in  a  case  reported 
by  Rehn.     As  a  matter  of  fact,  it  is  comparatively  easy  at  autopsy,  bj 

bing  ihe  thoracic  portion  of  the  thymus  with  the  forceps,  to  draw 
down  the  cervical  portion  into  the  thorax.  It  ma\  also  be  that  the  thymus 
can  be  displaced  inside  its  own  capsule,  -nth  bed  from  one  end  of  it  to 
the  other  by  the  changes  in  intrathoracic  pressure.  In  violent  dyspnea 
the  thoracic  organs  as  a  whole  may  to  an  extenl  rise  ami  fall  with  the 
movements  of  the  diaphragm. 

1 1'  the  method-  of  Jacobi  ami  Boggs  cannot  be  explained  on  the  basis 
of  a  movable  thymus,  how  may  they  be  explained  otherwise?    The  vari- 
ables in  the  upper  thoras  are  the  bin--.     We  know  thai    Bolts'  procedure 
may  increase  the  anteroposterior  dimensions  of  the  thorax  at  the  ''< 
of  the  manubrium.    To  compensate  for  a  loas  of  space  Bomewhere  ■ 
the  lung  margins  may  be  forced   further  upward  oveT  the  thymus.     If 
this  advance  of  the  Lung  margins  upward  occurred  as  the  resuH  of  B< 
maneuver  it  would  explain  his  "shifi  of  the  thymus  dulness"  upward. 

Our  conclusion,  then,  from  an  anatomic  -ind\  of  autopsy  cases  is  that 
percussion  method-  of  the  thymus,  based  on  the  theory  of  thymus  mobility, 
tnded  on  a  false  anatomical  hypotl  • 


PELLAGEA     IN     ILLINOIS 

CONDENSED  REPORT  OF    ILLINOIS   PELLAGRA   COMMISSION 
(Concluded  from  page  168) 

(ask  6. — Pellagra  in  a  Man  Suffering  from  Senile  Dementia.  Death  in  Three 
Months  without  Symptoms  of  Central  Neuritis. 

History. — A.  J.  B.,  white  male,  farmer,  66  years  of  age.  Nothing  is  known 
of  his  previous  history.  He  was  admitted  to  the  Peoria  State  Hospital  from 
the  Soldier's  Home  at  Quincy,  Illinois,  Nov.  1,  1910.  At  that  time  he  was  obese 
and  somewhat  feeble,  with  exaggerated  knee-jerks  but  flexor  plantar  reflexes. 
Mentally  he  showed  complete  loss  of  memory  for  recent  events,  was  irritable  and 
peevish.     Considered  to  be  suffering  from  senile  dementia. 

In  June,  1911,  he  was  found  to  have  a  well-marked  pellagrous  eruption  on  the 
hands,  with  some  desquamation.  From  this  time  he  rapidly  lost  flesh  and  became 
more  and  more  dull,  although  the  specific  symptoms  of  pellagra  disappeared,  and 
he  died  without  any  definite  symptoms  so  far  as  can  be  discovered  of  central 
neuritis,  Sept.  11,  1911. 

At  the  autopsy  evidences  of  healed  tuberculosis  in  the  lungs  were  found  and  the 
liver  was  described  as  being  much  engorged,  its  appearance  suggesting  almost  a 
nutmeg  condition,  but  its  weight  was  only  44  ounces.  The  heart  was  thin  and 
flabby  and  no  definite  changes  were  noted  in  the  kidneys. 

MICROSCOPIC  EXAMINATION 

Liver.  Microscopically  the  liver  shows  slight  increase  in  the  amount  of 
fibrous  tissue,  the  capillaries  are  engorged,  especially  near  the  intralobular  veins 
and  there  are  small  scattered  islets  of  small-celled  infiltration  in  the  portal  canals. 
Fatty  degeneration  is  extremely  marked,  involving  the  outer  layer  of  cells  of  each 
lobule  and  ceasing  a  little  less  than  half  way  to  the  central  vein.  With  osmie 
acid  all  the  lobules  are  clearly  marked  out  by  the  black  stain. 

Kidneys :  The  kidneys  show  marked  increase  of  fibrous  tissue  and  a  few 
small  subcapsular  cysts.  The  vessel  walls  are  thickened  and  in  many  places  show 
hyaline  changes.  Small  hemorrhages  are  present  in  some  glomeruli.  In  the 
medullary  rays  many  of  the  tubules  appear  to  have  undergone  a  hyaline  change 
and  to  be  completely  occluded.  This  material  suggests  a  lardaceous  change  but 
it  does  not  show  the  characteristic  staining  reactions. 

The  suprarenals  show  marked  fatty  degeneration  especially  in  the  zona  reticu- 
laris where  every  cell  contains  large  fat  droplets.  Fatty  changes  are  present  but 
less  marked  in  the  fasciculata  and  still  less  so  in  the  glomerulosa.  Small  hemor- 
rhages are  present  in  all  layers  and  the  central  veins  are  engorged  with  blood. 

The  pancreas  shows  moderate  increase  of  fibrous  tissue  and  a  few  small  hemor- 
rhages. 

Nervous  System:  In  the  nervous  system  the  changes  are  extreme.  Similar 
cl.romatolysis  involving  especially  the  giant  pyramidal  cells  of  the  precentral  cor- 
tex to  those  found  in  the  other  cases,  as  well  as  fatty  degeneration  of  a  most  wide- 
spread character,  are  present.  But  besides  this  there  is  a  marked  overgrowth  of 
glia  cells,  especially  the  satellite  and  perivascular  cells.  The  arteries  are 
markedly  thickened  and  in  this  case  there  is  a  very  moderate  degree  of  small- 
celled  infiltration  of  the  vessel  sheaths,  thus  forming  a  decided  contrast  to  the 
other  case  examined.  Further  study  of  this  nervous  system  is  needed  before 
expressing  any  opinion  on  the  findings,  but  it  cannot  be  regarded  as  an  uncompli- 
cated case  of  pellagra. 


37.  B. — It  should  have  been  stated  on  page  147  that  the  work  on  Protozoa 
was  performed  by  Captains  Siler  and  Nichols. 
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Case  7 — Pellagra  in  a  Man  Suffering  I    i  Ylcoholism.    Right  Hetni- 

ith  Paraphasia  and  Left  Parapraxia.    Later  also  Weakness  of  I 

History. — C.  ('..  white   male,  ice  handler.     The  patient  lias  been   healthy  but 

a  heavy  drinker  for  years.     In  September.   1910,  at  the  age  of  .">1   it  was  noticed 

his   memory    was   defective   and    he   seemed   dazed    and   confused.      This   was 

thought  to  be  due  to  alcoholism  and  lit-  was  senl  ria  i  ounty  P ■  Farm. 

His  apparently  stupid  condition  continued  until  early  in  January,  1911,  when  he 
irritable,  noisy  and  Beemed  to  !»■  worried. 

Examination. —  Ee   was   admitted   to  the  Peoria  State   Hospital   .lanua 
1911,  when  he  was  found  to  have  arteriosclerosis,  a  slight  right  hemiplegia  with 

.-eration  of  reflexes  on  that  Bide,  paraphasia,  and  parapraxia  of  the  left  -ide. 

In  April,  1911,  he  developed  pellagrous  lesions  of  both  bands  with  some 
diarrhea.  At  the  same  time  he  began  to  lose  flesh.  The  eruption  had  disappeared 
by  rarly  June  but  he  continued  to  fail  in  general  health.  At  the  beginning  of 
June  he  became  very  weak  and  seemed  to  have  had  some  further  cerebral  insult, 
the  left  side  being  .-aid  to  be  weakened.  At  this  time  the  reflexes  were  markedly 
increased  on  both  sides  and  there  was  a  bilateral  Babinski  phenomenon.  He  con- 
tinued to  lose  strength  and  weight  rapidly  and  died  July  30,  1911,  without  having 
had  any  convulsive  phenomena. 

opsy. — The    necropsy    was    performed    seventeen    hours    after    death    and 
showed  as   follows:      .Marked   atrophy   of   the   cortex,   especially   in   the   frontal 

ons,  but  no  gross  lesion  even  when  sectioned  alter  hardening.     Dense  adhesions 
obliterating  the  pleural  and  pericardial  sacs,  with  chronic  posterior  mediastinitis. 
Hypertrophy  of  the  left  ventricle  with  atheroma  of  coronaries.     Liver  engo 
with  blood  and  firmer  than  normal.    Spleen  and  other  viscera  engorged.    Kidneys 
Bhowed  no  definite  changes.     No  ulceration  found  in  the  intestines. 

MICROSCOPIC    i:\AMINAl  Iu\ 

r:      Microscopically    the    liver   shows    no   thickening   of   the   capsule   but 

there  is  a  small  celled  infiltrate t  circumscribed  character  here  and  there  in 

the  portal  canal-  in  places  almost  outlining  a  lobule.    The  capillai  ies  are  engoi  _ 
especially   towards   the  central   veins.     Fatty  degeneration   is  slight   hut-  where 
I  resenl  i-  in  the  cells  al  the  periphery  of  the  lobules.     It  is  less  in  amount  than 
that  of  any  of  the  cases  s<,  far  Btudied,  a  careful  search  being  necessarj   to  find 
in  which  it  occurs. 

spleen:     The  spleen  shows  u  fibrous  tissue  with  small  hemorrhages. 

rntestines:  Small  intestine  shows  infiltration  <'t"  the  mucosa  and  submucosa 
with  leukocytes  and  in  places  small  hemorrhi 

\er\  em:     The  examination  is  as  yel  verj  incomplete  bul  the  following 

facts  are  noteworthy: 

Nerve  Cells:  These  have  bo  far  been  studied  with  bhionin  staining  only  in  the 
anterior  regions  ol  the  brain.  Chromatolysis  of  axonal  type  is  verj  marked  in 
the  gianl  cells  of  the  precentral  region.  Many  of  thf  larger  pyramidal  cells  also 
slmw  similar  change.  This  process  is  more  marked  in  the  seel iona  in  the  anterior 
portions  of  the  precentral  gyri  where  man]  of  the  Bmaller  element-  are 
affected.  Pigmentary  degeneration  "f  a  fattj  nature  staining  well  with  Scharlach 
i-  extremelj    wide-spread  and  involves  manj   of  the  Bmaller  cells  as  well  as  the 

cij;,  and  Vessels:  The  glia  nuclei  are  moderately  increased,  the  satellite  cells 
are  quite  numerous  and  there  are  often  rows  of  nuclei  along  the  walls  of  the 
vessels.     The  vessels   themselves  show   considerable  hyaline  degeneration  of  the 

iitima    with    hvperpla-ia    of    the   :i  <1  \  >n  t  i  t  i;i .      Seharlaeh    -t:iinim_'    -how-    thai    many 

of  the  cell9  in  this  position  contain  fat  droplets.     The  perivascular  spaces,  how 
ever,  are  not   infiltrated  with  lymphocytes  or  plasma  cells  and  (here  i-  nothing 
iM  the  picture  to  Buggesl  a  parasyphilitic  condition. 
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Case  8. — Unhappy  Marriage  icith  Poor  Adjustment.  Spells  of  Moping  and 
Mutism.  Intestinal  Symptoms  Shortly  Followed  by  Manic  Excitement,  and  Three 
01  Four  Weeks  Later  by  Stomatitis  and  Pellagrous  Dermatitis.  Increasing  Rest- 
lessness, Severe  Diarrhea  with  Rapid  Emaciation  and  Death  in  Tico  Months. 

D.  S.,  white  female,  a  housewife  and  baker  by  occupation,  42  years  of  age. 

Family  History. — Incomplete.  The  mother  and  her  relatives  are  said  to  have 
been  weakly  and  to  have  died  young.     Xo  insanity  known. 

Personal  History. — Nothing  known  of  her  earlier  life.  She  was  married  in 
1896  and  has  never  been  happy.  According  to  her  husband  she  was  always  shift- 
less and  careless  about  her  household  duties  and  has  been  cranky,  nervous  and 
dissatisfied.  The  patient's  relatives  blame  the  husband  for  the  discontent  and 
general  unhappiness.  She  is  said  to  have  been  quarrelsome  with  her  neighbors, 
inclined  at  times  to  mope  and  refuse  to  talk.  There  have  been  three  children, 
two  normal,  while  the  third  died  at  the  age  of  three  weeks.  In  1909  the  husband 
left  her  and  states  that  she  did  not  succeed  with  the  business,  owing  to  her  shift- 
lossness. 

She  has  always  lived  in  Havana.  Mason  County,  111.,  and  has  worked  in  the 
bakery  business  owned  by  her  husband  since  marriage.  There  has  never  been  any 
firancial  difficulty  and  the  patient  has  always  had  plenty  to  eat. 

Present  Illness. — In  January,  1911,  the  patient  began  to  suffer  with  gastro- 
intestinal disturbance.  About  the  middle  of  April  she  is  said  to  have  become 
"maniacal."  At  the  beginning  of  May  a  sore  throat  developed,  the  tongue  and 
gums  being  very  red,  and  at  the  same  time  her  hands  became  discolored  and 
•"bruised,"  due  as  was  thought  to  the  use  of  mechanical  restraint. 

She  was  admitted  to  the  Peoria  State  Hospital  June  2,  1911,  when  she  pre- 
sented marked  coppery  pigmentation  with  roughness  and  scaly  desquamation  of 
the  skin  of  the  dorsum  of  the  hands  and  forearms,  extending  upwards  to  the 
junction  of  the  middle  and  upper  thirds.  This  area  showed  a  well-marked  line 
of  demarcation  and  was  entirely  symmetrical  on  the  two  sides.  The  skin  over 
the  knuckles  was  rough  and  heaped  up  but  without  fissures.  The  tongue  was 
reddened  and  denuded  at  the  tip  and  there  was  severe  diarrhea  with  loose, 
offensive  stools. 

Examination. — The  examination  was  rendered  unsatisfactory  by  the  extreme 
restlessness  of  the  patient.  She  was  constantly  talking,  clapping  her  hands  and 
singing,  showing  marked  distractibility,  with  sound  and  motor  speech  associa- 
tions. When  alone  she  was  constantly  busy,  tearing  up  her  bed  and  bedding, 
jumping  out  of  bed,  showing  all  the  appearances  of  a  happy  excitement.  The 
excitement  was  readily  increased  by  the  presence  of  others  and  in  answer  to 
question  she  said  she  "felt  fine,"  "I  am  an  angel."  Her  "husband  was  extremely 
rich,"  had  a  "white  automobile  with  gold  trimmings,"  etc.  Xo  evidence  of  hallu- 
cinosis was  obtained.     Distractibility  rendered  orientation  impossible. 

Physical  examination  was  incomplete  but  the  knee-jerks  were  found  to  be 
exaggerated  and  it  was  suggested  that  the  pupils  did  not  react  well,  but  there  were 
no  other  facts  on  which  to  base  any  diagnosis  of  general  paralysis  of  the  insane. 

The  extreme  restlessness  continued  with  but  little  sleep.  Diarrhea  persisted 
and  emaciation  and  exhaustion  were  progressive.  Death  occurred  July  8,  about 
two  month*  after  the  onset  of  the  first  symptoms. 

Permission  for  a  post-mortem  examination  was  refused. 

IV.     ANIMAL  EXPERIMENTATION 

Much  time  has  been  devoted  to  the  attempt  to  transmit  pellagra  to 
lower  animals.  On  the  advice  of  the  late  Dr.  Howard  T.  Ricketts,  rhesus 
monkevs  have  been  used  in  the  main.     All  results  have  been  entirely 
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negative,  so  that  it  will  suffice  to  summarize  the  experiments  which  have 
been  performed. 

1.  Twelve  monkeys   have   been  inoculated   either   subeutaneously   or 
intraperitoneal^-  with  defibrinated  blood  obtained  from  patients  suffering 
from  pellagra  in  the  recent  or  subsiding  stag''.     ( In  one  of  these  the  case 
robably  not  pellagra.  > 

•.'.  Three  monkeys  have  been  injected  subeutaneously  with  the  filtrate 
obtained  by  passing  the  blood  of  pellagrins  through  Pasteur  or  Berkefeld 
filte]  - 

I  v..    monkey.-  Ten  hypodermic  injections  of  the  blood  $mi>n 

obtained  from  human  pellagrins.     Of  these  one  was  first  filtered  through 
a  Berkefeld  filter. 

■1.  Three  monkeys  received  injections  of  cerebrospinal  fluid  obtained 
from  pellagrins.  Of  these  one  was  procured  post  mortem  and  given  sub- 
eutaneously. in  the  other  two  the  fluid  was  drawn  during  life,  one  beini: 
injected  into  the  subcutaneous  tissues  and  the  other  into  the  peritoneal 
cavity. 

5.  One  monkey  has  received  Bubcujtaneous  injections  of  an  emulsion 
of  spleen  obtained  from  a  human  pellagrin. 

6.  Four  monkeys  have  been  fed  for  long  periods  <m  a  strict  corn  diet, 
and  of  these  one  has  also  received  extremely  mouldy  corn  meal,  while  one 
has  been  fed  with  a  bacillne  (Strain  6*3  i.  obtained  from  the  stools  of 
pellagrin-  -how  in-  <  <  rtain  agglutinating  relations  with  pellagrous  blood- 
serum.  and  more  fully  detailed  above. 

7.  One  monkey  has  been  I'mI  with  extremely  moldy  corn  meal  together 
with  bacillus  Xo.  67. 

-  On<  monkey  and  one  guinea-pig  were  Inoculated  Bubcutaneousl] 
with  bacillus  Xo.  67. 

9.  Twenty-three  guinea  [HLr-  w<  iv  inoculated  or  \'r<\  with  extrai  ts 
moldy  corn  meal. 

10.  One  monkey  and  one  guinea-pig  were  inoculated  with  a  bacillus 
ated  from  the  blood  of  a  human  pellagrin. 

LI.  One  kitten  received  per  rectum  an  emulsion  of  a  Btool  from  a 
pellagrin  containing  aumerous  living  amebas.     , 

L2.  Three  monkeys  have  been  fed  with  the  fecal  matter  of  pellagrins 
containing  living  amebas. 

At  this  point  it  would  be  well  to  call  attention  to  a  physiological 
condition  occurring  In  rhesus  monkeys  which  does  no!  appear  t<>  be 
generall}  known.  During  early  life  the  -kin  of  the  perineum  is  white  or 
bluish-white,  but  on  reaching  puberty  these  animals  develop  a  vivid  red 
color  in  this  region  Bimilar  t<>  that  which  is  well  known  in  the  closelj 
related  species  of  baboon.    This  erythema  varies  in  dej  i  tune  to 

tii,;.  in-  to  hear  -nine  relation  to  the  menstrual  functions.    When 


PELL  AG  HA     IX     ILLIXOIS  223 

at  its  height  it  is  accompanied  by  marked  edema  and  involves  not  only  the 
perineum,  but  also  the  genital  folds,  extending  sometimes  upwards  to  the 
lower  part  of  the  abdomen,  downwards  on  the  inner  surfaces  of  the  thighs 
and  around  the  anus  to  the  root  of  the  tail. 

By  a  curious  coincidence  a  number  of  our  monkeys  developed  this 
erythema,  as  indicated  in  our  preliminary  report,  at  a  more  or  less  definite 
interval  after  they  had  been  inoculated,  and  we  were  consequently  inclined 
to  attach  some  significance  to  its  occurrence.  The  condition  is  very  much 
more  marked  in  the  female  than  in  the  male,  but  we  have  seen  some 
examples  in  the  latter  which  were  very  distinct.  Apparently  one  of  the 
main  reasons  for  its  occurrence  not  being  more  generally  known  is  that 
the  animals,  in  captivity,  frequently  die  before  reaching  maturity. 

V.     COMPLEMENT  FIXATION  EXPERIMENTS 

This  work  was  carried  out  by  Dr.  J.  Frank  Waugh  and  is  briefly 
abstracted  by  him  as  follows : 

The  technic  of  the  test  was  that  described  by  Noguchi.  An  alcoholic 
extract  of  the  liver  from  a  pellagrin  and  a  similar  extract  of  the  liver 
from  a  monkey  which  was  killed  forty-one  days  after  the  appearance  of 
the  erythema  referred  to  above,  were  used  as  antigens. 

Fifty-two  sera  from  pellagrins  which  were  tested  with  an  alcoholic 
extract  of  human  pellagra  liver  as  antigen  resulted  as  follows :  thirty-four, 
or  655A.3  per  cent.,  gave  a  mildly  positive  reaction;  twenty-eight,  or  348/i3 
per  cent.,  were  negative.  Five  normal  sera  from  persons  who  came  in 
daily  contact  with  the  pellagrous  patients  proved  to  be  negative,  with  the 
exception  of  one  that  was  mildly  positive.  Thirteen  specimens  of  blood 
from  cases  other  than  pellagra  were  used  as  controls.  Among  these  were 
four  sera  from  luetic  patients,  one  of  which  gave  a  mildly  positive  reaction. 

Fourteen  sera  from  pellagrins  were  tested  with  monkey-liver  antigen. 
Six  gave  a  positive  reaction,  eight  being  negative. 

Both  antigens  were  used  on  eighteen  sera  from  monkeys.  Seven  of 
the  eighteen  monkeys  had  been  inoculated  with  blood  from  well-marked 
cases  of  pellagra.  Four  of  the  sera  gave  a  positive  reaction  with  both 
antigens,  while  three  were  negative.  Four  of  the  specimens  were  from 
animals  having  a  well-marked  perineal  erythema,  but  which  had  not  been 
inoculated.  With  human  antigen,  none  was  positive:  with  monkey  anti- 
gen, two  were  positive  and  two  negative.  Seven  of  the  specimens  were 
from  monkeys  considered  normal.  One  gave  a  positive  reaction  with  both 
antigens,  while  six  were  negative. 

Inhibition  to  hemolysis  was  only  partial  in  all  the  positive  cases.  In 
no  instance  was  there  a  strong  reaction  such  as  we  get  in  lues  when  a 
luetic  liver  extract  is  used  as  antigen. 

While  the  results  of  these  tests  are  strongly  suggestive,  further  work 
will  be  necessary  to  demonstrate  whether  or  not  a  specific  reaction  is 
present. 


224  ARCHIVES     OF     INTERNAL      MEDICINE 

VI.     CUTANEOUS    A  \  \  I'll  \  1.  \<   DI<     TESTS    WITH    CORN    KXTi; 

This  work  was  carried  out  by  Arthur  D.  !  .  M.D..  Balti- 

more, whose  com]  ort  follow  - : 

Tli  history  of  pellagra,  as  enunciated  by  Lombroso  and  v. 

"''     ag       is  to  be  consider!       -        hronic  and  periodically 

occurrent  intoxication,  which  is  due  to  as  subsl  tnce  formed  in  more 

-  -  toiled  corn.""  is  foundei  on  statistical  evidence  than  on 
clear-cut  experiments.  Lombrosp  and  subsequent  worker-,  it  is  true,  have 
isolated  from  corn  toxic  products  which  have  some  action  on  the  nervous 
systi  m           _-.  and  v.  Babes  and  Manicatide  claim  to  have  prevented  this 

action  in  rabbits  by  injection  of  bl !  serum  from  a  cured  pellagrin.    On 

the  other  hand,  comparatively  little  has  been  done  to  test  the  sensitr 

of  pellagra  patients  themselves  stances       rived  from  corn. 

If  the  zeistic  theories  of  pellagra  were  corn  -    tned  possible  that 

the  chronic  corn  intoxication  presupposed  by  Lombroso  and  v.  Babes 
accompanied  by  a  condition  of  anaphylactic  hypersensitiveness 
to  products  derived  from  corn,  or  perhaps  only  from  spoiled  coin.  The 
presenl  series  of  observations  was  undertaken,  accordingly,  with  a  view 
to  determij  ing  the  presence  or  absence  of  such  sensibility. 

Since,      .    Pirquet"   has    demonstrated    that    the   cutaneous    reaction 

-  tlir  mosl  delicate  meane  of  testing  anaphylactic  sensitization  in 
'v;iri  to  tuberculin  and  other  substai  i  !    te  recently,  Rufus  Cole  and 

S.  '.  ayer  were  aide  to  demonstrate  hypersensitization  to  buckwheat 
infusion   in  a  case  of  fagopyrismus  I   by   II.  L.  Smith.7     They 

found  that  if  a  drop  of  buckwheat  extract  were  rubbed  into  a  port 
the  skin  from  which  the  epidermis  had  been  removed  by  scratching,  an 
urticarial  wheal   and   general   constitutional   Bymptoms  appeared   within 
half.au  hour. 

Sine,  certain  analogies  between  pellagra  in  man  and  fagopyrismus 
in  animal-  had  been  recognized  for  decades,  it  seemed  possible  that  a 
similar  anaphylaxis  to  corn  products  might  be  mel  with  in  pellagrins. 

ned   possible  also  that   Buch  a    reaction/ if  positive,  might   I f 

important   for  the  diagnosis  oi  pellagra. 

In  these  observations,  cutaneous  tests  were  made  with  substantially 
ime  technic  employed  by  v.  Pirquet,  excepl  that* corn  extracts  were 
substituted  for  tuberculin  in  making  thi   test. 


."..  Lombroso,  <  .:   Die  Lehre  \ ler  Pellagra.      Letiologische,  klinische,  und 

prophylaktische  Untersucbungen,    Transl.  I>y  II.  Kurella,  Berl.,  1898;  v.  Ba         *t 
and  Sion,  V.:  Die  Pellagra.     Nothnagel's  Handb.  d.  spez.  Patb.  u.  Tberap.  Wien, 
1001. 

•I.  \.    Pirquet,   ('-:    Tuberkulindiagnose   durch   cutane    [mpfung.    Berl.   klin. 
WchnschT     1907. 

7.  Smith    II.  I--:  Buckwheat   Poisoning,  with  Report  of  :<  Case  In  Man.  Tin 
\i:<  him  -  Im.  Mi  i...   1909,  lii,  860 
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The  procedure  was  a  follows :  20  gm.  of  corn  was  extracted  with  50 
c.c.  of  ether,  alcohol,  10  per  cent.  XaCl,  or  0.2  per  cent.  XaOH.  The 
extract  was  filtered  and  1/10  vol.  5  per  cent,  carbolic  acid,  added  to  the 
clear  filtrate,  so  as  to  give  it  a  content  of  0.5  per  cent,  carbolic  acid.  The 
ethereal  extracts  were  allowed  to  evaporate  at  46  C,  until  the  odor  of 
ether  had  disappeared. 

The  site  chosen  for  the  test  was  an  area  on  the  patient's  wrist  which 
was  subject  to  pellagrous  pigmentation,  thickening  or  desquamation, 
and,  in  the  most  cases,  was  bare,  so  as  to  be  exposed  to  the  action  of 
light.  A  drop  of  the  extract  to  be  tested  was  placed  on  the  skin  and  a 
pinhead  area  of  epidermis  beneath  the  drop  was  excoriated  by  the  torsion 
of  a  v.  Pirquet  stylet.  Into  this  excoriated  area  the  extract  was  rubbed 
with  a  glass  rod.  A  series  of  epidermal  punctures  were  made  in  this  way 
in  a  line  across  the  wrist,  with  another  line  of  duplicate  punctures  above 
them.  In  each  series  there  were  a  pair  of  controls,  in  which  only  the 
pure  XaCl  or  XaOH  solution  or  alcohol  was  placed  on  the  skin. 

Within  half  an  hour  after  the  puncture,  a  small  red  or  sometimes 
blanched  areola,  and  occasionally  a  small  papule,  formed  about  the  site 
of  inoculation,  but  in  only  one  case  did  these  exceed  5  mm.  in  size,  and 
no  differences  could  be  noted  between  the  areas  about  the  punctures  with 
corn  extracts  and  the  controls.  The  reactions  in  sites  which  were  nearest 
the  middle  of  the  forearm  were  often  slightly  more  marked  (areolas  about 
1  mm.  larger  than  the  rest),  but  these  reactions  were  always  quite  as 
marked  with  the  control  fluids  as  with  the  extracts,  and  hence  were  of 
little  significance. 

The  reactions,  which  were  regarded  as  negative  in  all  cases,  consisting 
of  simple  traumatic  reactions,  were  watched  for  about  half  an  hour,  and 
the  sites  of  inoculation  were  again  inspected  three  hours,  twenty-four 
hours  and  forty-eight  hours  later,  as  well  as  at  frequent  intervals  between. 

Extracts  were  made  from  samples  of  good  corn,  spoiled  corn  taken 
from  the  Arkansas  Insane  Asylum  at  the  time  of  a  pellagra  outbreak, 
and  a  sample  of  spoiled  corn  containing  Aspergillus  fumigatus.  The 
extracts  of  the  latter  were  filtered  through  a  Berkefeld  filter  in  order  to 
avoid  the  danger  of  inoculating  the  aspergillus.  Other  extracts  were 
made  from  the  apparently  excellent  corn  meal  used  at  the  Peoria  State 
Hospital  for  the  Insane  at  the  time  that  pellagra  was  breaking  out 
throughout  the  asylum,  and  when  a  number  of  cases  of  acute  pellagra 
were  developing.  Tests  were  made  on  thirteen  cases  of  well-defined 
pellagra  diagnosed  by  Dr.  George  A.  Zeller  and  confirmed  by  Drs.  Singer 
and  MacXeal  of  the  Illinois  Pellagra  Commission. 

These  reactions  were  all  negative'.  Just  before  leaving  Peoria,  a 
sample  of  spoiled  corn  was  obtained  which  had  been  rejected  by  the 
asylum  and  sent  out  to  the  hog  farm  over  a  year  previously.    Extracts  of 
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this  coin  wore  inoculated  into  six  patients  with  subacute  pellagra.    The 

effects  were  observed  for  three  hours  after  inoculation,  hut  wore  uniformly 
negative. 

In  order  to  determine  whether  the  presence  of  antibodies  formed  in 
a  previous  attack  of  pellagra  might  cause  the  reaction  to  be  given  by 
persons  who  had  been  afflicted  with  the  disease  in  the  previous  year,  but 
who  were  free  from  symptom-  at  the  time  of  inoculation,  observations 
wore  made  on  seven  such  patients.    In  all  cases  tin    results  were  negative. 

The  results  of  these  tests,  therefore,  render  it  improbable  that  pellaur., 
is  due  to  or  accompanied  by  a  condition  of  hypersensitiveness  of  the 
individual  to  products  derived  from  good  or  from  spoiled  corn. 

I  take  pleasure  in  expressing  my  thanks  to  Dr.  George  A.  Zeller  and 
the  Illinois  Pellagra  Commission  for  placing  at  my  disposal  the  patients 
and   laboratory   of  the   Peoria   State   Hospital,   as   well    as   to   Dr.    Car' 
Alsberg  of  the  Bureau  of  Plant  [ndustry  for  furnishing  samples  oi  g 
and   spoiled  corn. 

VII.     DIETARY   STUDIES 

Iii  new  of  the  alleged  relations  between  pellagra  and  deficiency  in 
Eood  both  a-  regards  quantity  and  quality  the  following  points  have  been 
submitted  to  study : 

1.  111.-  nutritive  value  <>f  the  general  diet  supplied  to  the  inmates  of  the 
Peoria  State  Hospital,  the  institution  where  the  largest  number  of  oases  of  pel- 
lagra  developed. 

1.  A  rough  estimate  of  the  relative  amounts  of  meat  used  in  the  different  state 
hospitals  in  comparison  with  the  prevalence  of  pellagra. 

::.  Th."  quality  <>f  corn  in  use  at  the  -tate  hospitals  and  elsewhere.  In  connec- 
tion with  t J j i  — .  experiments  have  been  made  to  determine  the  toxicity  of  some 
Bamples  of  moldy  corn. 

t.  A  comparison  of  the  effects  of  an  excessive  corn  diet  with  one  which  was 
free,  or' practically  bo,  from  maize  products.  \n  analysis  of  the  excessive  corn 
diet  has  been  carried  out  and  a  rough  comparative  estimate  of  the  nutritive  value 
oi  the  corn-free  diet  used  in  this  experiment  was  also  made.  It  was  unfortunately 
impossible  under  existing  conditions  to  make  this  estimation  more  complete. 

I.  For  the  study  of  the  general  diet  at  the  Peoria  State  Hospital  a 
group  of  representative  patients,  aboul  fifty-three  in  Dumber,  was  selected. 
The  quantities  of  food  which  they  actually  consumed  during  a  period  of 
-oven  days  were  accurately  determined  by  weighing  tin-  Eotal  food  Berved 
and  fond  lott  uneaten.  Representative  samples  of  the  food  used  were 
i.il  en  and  analyzed  for  protein,  fat.  carbohydrates,  mineral  matter  and 
phosphorus.  The  energy  values  were  calculated.  The  results  of  this 
study  arc  summarized  in  Table  l  l.  As  far  as  possible  the  samples  were 
composited.  Thus,  the  samples  designated  animal  food-  represenl  Eoods 
chiefly  of  animal  origin,  i.  e.,  meat-  ami  cheese;  vegetable  food,  foods 
chiefly  of  vegetable  origin,  i.  •  •..  fruits,  cereals,  potatoes  ami  other  vege 
table- ;  bread,  breads,  cake,  etc. ;  mixed  foods,  food  i  ontainiog  appreciable 
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quantities  of  both      -       tie  and  animal  mat         -.    .  '•..  puddings.    The 

samples  consisted  of  the  materials  their  names  indicate.    By  was 
food  is  meant  the  food  left  on  the  tables  and  plates,  which  was  in  Buch 
condition  that  it  could  not  be  separated.    This  was  collected  and  analyzed. 
and  its  nutritive  value-  deducted  from  those  of  the  total  food  used  in 
computing  the  quantities  of  food  and  nutrients  actually  consumed. 

The  distribution  of  the  nutrients  among  animal  and  vegetable  foods 
has  been  calculated  and  is  summarized  in  Table  15.  Such  classification. 
however,  i;  not  absolute,  for  the  sampli  -  taken  from  cooked  foods 

which  contain  material-  derived    Erom  boi  theless, 

-  probably  r<  the  true  character  of  the  diet. 

Table   15. — Distribution   or 


0 

Food  Materials 

Fresh  Food 

Dry 

Substance 

Protein 

u 

c 

Ed 

z 
- 
Ed 

Quan- 
tity 

kilos 

Per 

cent. 

of 
Total 

Per 
Man 
per 
Day 
gms. 

tity 

kilos 

Per 

cent. 

of 

Total 

Per 

Man 
per 
Day 
gms. 

Quan- 
tity 

gins. 

Per 
cent. 

of 
Total 

Per 

Man 
per 
Day 
gms. 

58.53 
24.01 

374.81 

L34.17 

294.36 

26.44 

329.78 

77.31 
L2.48 

B9.79 

0.65 

1,002^2 

2.40 

v'.M 

37.38 
13.38 
2!  1.35 

L8.75 

2.74 

21.49 

7.3.12 

'.Hl.sr, 

3.30 

20.53 

188.10 

L5.04 
L1.34 

26.38 

0.65 

15.12 
221.50 

7.92 
1.16 

0.08 

31.30 

3839 

L.39 

8.68 

79.49 

6.36 

1.7'." 

L1.15 

n.27 

L00.00 

6.38 

93.61 

57.86 

506.56 

71.06 

L.75 

637.22 

40.7:5 
596.49 

B,l« 
750.98 

• 

7,i" 

11,391.03 

117.71 

,    12.30 

18,560.02 

L.515.28 
54.91 

1,570.19 

28.17 

2.58 

■ 

24.11 

39.19 

0.40 

0.15 

63.85 

5.21 
0.19 

■ 

20,044 

Milk 

222.44 

Total 

animal  foods 

24.07 

•'<•."  1"     Vegetable  foods 

20,041     Bread 

20,043    Coffee  and  tea 

20,047  1  Svrun 

2.64 

B2.75 

7.71 
L.24 

3.95 

n.oi, 

100.00 

:,.:;7 
94.63 

Total 

vegetable  foods  

Mixed  foods. . 

2,234.61 

Butterine 

241.81 

1.75 

2,700.62 

L45.06 
2  555.57 

1.23 

Total 

Salt 

food  used          

29,069.54 

1,771.88 

27,297.66 

LOO.00 
6.10 

7858 

1.77 

Amount  actually  consumed... 

2.  \\  > .  11  the  work  <>f  this  commission  was  planned  it  was  hoped  thai 
it  would  be  possible  to  Btudy  the  general  die!  at  each  hospital  in  the  same 
manner  .1-  thai  actually  carried  oul  at  the  Peoria  State  Hospital.  Thisj 
however,  has  unfortunately  been  found  to  1»<'  impossible  owing  to  lack  of 
tance.  The  findings  al  Peoria  detailed  in  the  las!  section 
ed  deficiency  in  the  amounl  of  animal  protein  servi  d  to  each  patient. 
Since  the  main  source  of  this  constituenl  was  provided  in  th< 
was  thought  thai  a  comparisorj  of  the  meal  supplied  to  each  institution 
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daily  per  capita  might  afford  some  sort  of  basis  for  conclusions  as  to  the 
quantity  of  animal  protein  at  the  other  hospitals.  In  Table  16  is  shown 
the  average  daily  amount  of  meat  in  ounces  supplied  to  each  individual 
Including  both  patients  and  employees. 

In  considering  these  figures  it  must  be  remembered  that  the  weights 
represent  almost  entirely  uncooked  and  undressed  meats.  Secondly,  the 
employees,  while  being  absolutely  fewer  in  numbers,  receive  relativelv 
much  larger  amounts  of  meat.  It  would  be  quite  impossible  to  determine 
exactly  what  the  relative  proportion  is.  and  since  the  proportion  of 
employees  to  patients  is  approximately  the  same  in  the  different  institu- 
tions it  is  quite  permissible  to  make  comparisons  on  the  figures  as  thev 
:Nutriexts — General  Diet 


Carbohydrates 

Fat 

Fuel  Value 

Ash 

Phosphorus 

Quan- 

tity 

gms. 

Per 
cent. 

of 
Total 

Per 

Man 

per 

Day 

gms. 

Quan- 
tity 

gms. 

Per 

cent. 

of 
Total 

Per 

Man 

per 

Day 

gms. 

Per 

cent. 

of 
Total 

Per 
Man 
per 
Day 

Calor's 

Quan- 
tity 

gms. 

Per 

cent. 

of 
Total 

Per 

Man 
per 
Day 
gms. 

Quan- 
tity 

gms. 

Per 
cent. 

of 
Total 

Per 
Man 
per 
Day 

gms. 

2,101.23 
1,193.87 

1.19 

0.68 

1.87 

34.63 

43.76 

1.66 

11.44 

91.49 

6.64 

8.87 
433.61 

7,216.75 
616.19 

7,832.94 

1,386.80 

845.27 

88.31 

18.51 

2,338.89 

1,097.80 
11,008.61 

12,106.41 

32.39 
2.77 

35.16 

6.22 
3.79 

1,240.84 

178.12 

1,418.96 

4,085.43 

1,596.62 

176.62 

330.50 

6,189.17 

749.91 
411.84 

1,161.75 
648.37 

9,418.25 
791.10 

8,627.15 

13.17 

1.89 

15.06 

43.37 

16.95 

1.87 

3.51 

65.71 

7.96 
4.37 

12.33 

6.88 

100.00 

8.40 

91.60 

3.82 

94.82 
22.63 

117.45 

153.67 
127.46 

22.05 
5.26 

27.31 

35.74 

29.64 

0.26 
0.06 

0.32 

0.41 
0.34 

3,295.10 
H0,944.11 

21.09 

11.63 

319 

77,013.58 

2,914.16 

0.40 
0.08 

10.49 

4.93 
49.41 

54.34 

20,139.35 

16.67 

3.13 

1.75 

25.36 

2.13 

23.23 

i 

1.85 

282.98 

27.83 
1.75 

29.58 

0.43 

65.81 

6.47 
0.41 

6.88 

0  01 

161,011.20 
11,681.54 

6.30 

72.58 

1,991 

0.76 
0  07 

0  01 

11,681.54 

6.64 

31.46 

32.60 

15.79 

433 

0.08 

175,987.84 

10.991.10 

164,996.74 

100.00 

6.25 

93.75 

473.94 

29.60 

444.34 

22,278.24 

1,570.90 

20,707.34 

100.00 

7.05 

92.95 

60.00 

4.23 

55.77 

100.00 

6.38 

93.62 

2,743 

175 
2,568 

430.01 
31.12 

398.89 

100.00 

7.24 

92.76 

1.16 

0.08 
1.07 

stand.  It  will  be  noted  that  there  is  a  big  increase  in  the  Peoria  figures 
between  the  first  three  years  and  the  fourth.  In  part  this  was  due  to  an 
actual  increase  in  the  amount  of  meat  supplied  to  each  patient,  but  it  is 
also  in  part  to  be  explained  by  the  fact  that  during  this  period  many  of 
the  attendants  who  used  to  live  off  the  grounds  of  the  hospital  have  been 
required  to  take  up  their  residence  within  the  institution. 

The  actual  analysis  of  the  food  at  the  Peoria  State  Hospital  was  made 
during  the  fourth  period,  July.  1910.  to  July,  1911,  so  that  this  figure, 


- 


VRCEIVEB     OF    INTERNAL      MEDICINE 


8.2,  must  be  i  :'  comparison.     From  the  results  of  the 

sis  we  are  forced  to  conclude  that  the  animal  protein  constituent  of 
the  dietary  provided  at  all  the  state  hospitals,  with  the  possible  exception 
of  that  at  Jacksonville,  is  certainly  small. 

"The  period  of  observation  has  been  too  short  and  the  data  are 
obviously  too  incomplete  to  justify  any  conclusions.  Tt  may,  however,  be 
noted  that  the  numbei  -  gra   has   diminished   at 

and  Dunning  coincidently  with  increased  meat  supply,  whereas  they  have 
apparently  increased  at   Elgin  with  diminished  meat.     This  may 
matter  of  pure  coincidence,  bnt  is  worthy  of  further  investigation. 

Table   16. — Average  Daily   Amount  of  Meat  in  Ounces   Supplied   po  Each 
Individual.   Including   Both   Patients  and  Employees 


July,  1907 

Julv. 

Julv.  L909 

Julv.  lino 

to 

to 

to 

to 

Avers  _ 

July,  1908 

Inly.  1909 

July.  1910 

Julv.  1911 

Peoria   

:,  3 

5.8 

5.9 

S.2 

6.3 

Anna       

1 1  .3 

m.!t 

10.0 

9.8 

10.65 

<  'Hester   

6.4 

5.0 

i.:» 

6.4 

5.6 

Elgin   

7.1 
10.6 

7.7 
10.9 

11.3 

in..'. 

6.9 

Jacksonville    . . 

10.8 

K;nik;ike.      .     ... 

- : 

7  - 

8.0 

85 

8.2 

Watertown   .... 

7.'' 

B.3 

8.2 

Dunning   

i, :. 

6.6 

7.5 

6.8 

:;.  Samples  of  corn  meal  from  eighl  institutions  were  analyzed  chem- 
ically for  moisture  and  acidity.  For  comparison  Bimilar  determinations 
wen  •         oeteen  other  samples  of  corn  meal  from  various 

mown  in  Table  \'>.    The  acidity  has  been  calcu 

expressed  in  terms  of  N    l11  NaOB  solution 
required  i"  neutralize  the  a  extrad  ■■:   LOO  grams  of  meal. 

The  official  standard  in  this  country  requi  ••maize  n  •  ■  . 

meal  or  [ndian  corn  contain  nol  more  than  1  I  per  cent.  <>•  re." 

An  Austrian  investigator  states  thai  sound  corn  and  corn  meal  should 
require  less  than  30  •  L5  to  25  c.c.     N    LO  NaOB  solul 

to  neutralize  the  alcoholic  LOO  gran     of  the  meal. 

Judged  by  the  moisture  content,  acidity,  p  i  molds  and 

microorganisms,  and  the  preseno  the  corn  meal  used  in  the 

••   institutions  is,  on  an  average,  of  •■  ade.    It  was  foun 

etter  quality  than  the  corn  meal  purchased  in  the  open  markei  in 
Urbana  and  in  Alabama,  and  also  better  than  aix  Bamples  from   [1 
Cultures  were  made  from  all  parte  of  the  sampli  Ida.     No  quanti- 

etermination  of  the  molds  presenl  wai  attempted.    Of  all 
.   v.      • I      liaised  from  Anna,  contained  do  molds.     B 
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moisture  and  acidity  cf  this  sample  were  the  lowest  of  all  the  twenty- 
seven  samples  examined. 

The  changes  brought  about  by  the  action  of  molds  on  corn  meal  were 
studied  with  special  reference  to  the  formation  of  toxic  substances. 

For  this  purpose  portions  of  corn  meal  were  sterilized  and  inoculated  from 
pure  cultures  of  molds.  After  a  good  growth  had  been  secured,  the  moldy  meal 
was  extracted  with  90  per  cent,  alcohol  for  three  to  four  hours  at  a  temperature  of 
65  to  70  C.  The  alcohol  extract  was  filtered  off  (using  the  centrifuge  when 
necessary)  and  evaporated  in  vacuo  over  sulphuric  acid  to  dryness.  The  dried 
residue  was  next  extracted  with  absolute  alcohol  and  the  extract  filtered.  This 
filtrate  was  likewise  evaporated  to  dryness  in  vacuo  over  sulphuric  acid.  The 
residue  thus  obtained  was  extracted  with  water,  the  water  solution  made  alkaline 
with  sodium  carbonate  and  extracted  with  ether.  The  ether  solution  was  allowed 
to  evaporate  spontaneously.  As  this  is  essentially  the  Stas-Otto  method  for  the 
extraction  of  ptomains,  the  residue  from  the  ether  extract  should  contain  the 
toxic  substances  originally  present.  Other  residues  and  fractions  were  also 
tested,  however,  and  in  those  cases  in  which  toxic  products  were  found  it  was 
in  fractions  other  than  the  last  residue  described. 

Table  17. — Average  Acidity  and  Moisture  Context  of  Corn  Meal  from 

Various  Sources 


Aciditv, 

c.c.  N/10 

XaOH 


Corn  meal  from  state  institutions  (8  samples)    

Corn  meal  from  local  grocery  store   ( 3  samples )    

Slightly  spoiled  meal  from  Kankakee  (1  sample)    (not  used  as 

food  for  patients )    

Good  meal  from  Alabama   (3  samples)    

Damaged  meal  from  Italy   (6  samples)    

Damaged  meal  from  Alabama   (3  samples)    

Very  badly  spoiled  and  moldy  meal   (3  samples)    


Of  the  five  molds  (three  varieties  of  Penicillium,  one  Mucor  and  one 
Monoscus  purpureas) ,  only  one,  Monascus  purpureas,  gave  a  toxic  sub- 
stance when  grown  on  corn  meal  in  pure  form. 

Another  sample  of  meal  on  which  a  blue  green  species  of  Penicillium 
had  grown,  but  which  had  become  contaminated  by  other  organisms,  was 
very  toxic. 

Some  further  experiments  to  investigate  the  presence  of  toxins  in 
corn  were  carried  out  by  Captains  Xichols  and  Siler. 

After  taking  some  corn  meal  mush  from  a  boiler  just  before  it  was 
served  and  letting  it  stand  in  a  sterile  Petri  dish  for  two  days,  we  found 
it  covered  with  slimy,  reddish  growth,  which  proved  to  be  that  of  Bacillus 
mesentericus  fuscus.  This  organism  and  strains  of  Penicillium  glaucum. 
Aspergillus  flavus  and  Diplodia  recovered  from  musty  corn,  which  were 
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were  used  in  trying  to  discover  any  evidence  of  toxins.    Moist  com  meal 

put  in  large  flasks,  sterilized  and  inoculated  with  these  organisi 
After  a  rich  growth  was  obtained,  it  was  scraped  off  with  some  of  the  corn 
meal,  diluted  with  water,  thoroughly  shaken,  centrifuged  or  filtered  and 
the  clear  liquid  used  for  Injection  of  rabbits  and  guinea-pigs.  A  large 
number  of  rabbits  were  used,  and  injections  were  given  subcutaneously, 
Lntraperitoneally  and  intravenously.  Tl  e  results  were  uniformaly  nega- 
tive. When  corn-meal  mush  was  i  to  decompose  naturally  and  a 
similar  extract  used  for  injections,  the  animal  died;  but  the  result  is 
readily  attributable  to  putrefacl  isi  s.  Feeding  experiments  with 
in!'.  q  were  started,  but  soon  given  up,  as  it  was  found  that  the 
animals  corn  after  the  first  day  and  died  of  starvation. 
I.  Feeding  Experiments. — At  I  id  of  Captains  Nichols  and 
r,  two  cottages,  with  a  capacity  of  about  sixty  patient-,  were  filled 
with  non-pellagrous  pati<  i  chronic  i  ass.  I  lareful  stool  examina- 
tioi  •  ide  for  protozoa.  Om  was  then  placed  on  a  generous 
corn  diet — approximated    L6  ounces        corn  food-stuffs  per  day.      i 

mtaining  about  sixty  patients,  was  placed  on  a  corn-free 
di<  t  ••■  tl  ■  3ame  general  nature.  These  diets  were  continued  for  one  year 
and  the  patients  wen-  placed  directly  in  charge  of  I>r.  Watkins  of  the 
;t;:'  staff,  who  Eollowed  them  with  great  care.  Dr.  Watkins5  report 
included  a  description  of  the  daily  diet  in  each  cottage.  This  detail  may 
lie  seen  in  the  complete  report.  In  addition,  a  personal  chart  was  kepi 
for  each  patient,  noting  carefully  the  following  points: 

I.  Examination  of  the  f< 
li.  s.-nii  monthly  weight s. 
::.  Mental  conditions  oc  to  mania  and  stupor. 

t.  Physical  conditions,  with  special  attention  i<>  diarrhea,  gastritis,  Btomatitis, 
and  -kin  lesions. 

This  experiment    was  out    during   the  entire  year,  and   on 

tember  L5,  \'.i\".  these  facts  are  notei  :     V  arly  all  the  patients  ga 
gradually  on  both  wards  from  September  to  March  or  April,  when  they 
gradually  fell  off  during  the  hoi  weather  until  thej  averaged- "aboul  the 
same  weighl  as  on  the  same  date  the  preceding  year.    <>n  the  corn  diet 

nty-five  patients  gained  in  weighl  during  the  year,  twenty-nine  losl 
four  remained   unchanged.     Th<  -  and   gain  on   both 

cottages  was  from  2  to  ;;  pounds. 

I    ••  en  patients  on  the  corn  diet  who  suffered,  with  dian 

during  the  year,  while  only  ten  on  th<  suffered  from  the 

alady,  and  there  were  mor  ition  on  the  corn 

diet  cottagi   than  on  the  i  orn  die!  i    I 
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During  the  year,  the  corn  diet  cottage  showed  four  cases  of  pellagra, 
with  one  death  from  the  disease.  The  corn-free  cottage  showed  five  eases 
of  pellagra,  with  two  deaths  from  the  disease.  During  the  year  there 
were  four  suspected  cases  of  pellagra  on  the  corn-free  diet  cottage. 

Of  the  four  suspected  cases,  the  examination  of  the  stools  was  negative 
as  to  active  amebas,  but  in  two  cases  there  were  encysted  amebas  and 
encysted  flagellates.  One  patient  had  a  mild  erythema  of  the  dorsum  of 
the  hands  during  January,  1910.  This  patient  gained  7  pounds  during 
the  year  and  at  present  shows  no  symptoms  of  pellagra. 

In  a  general  way.  the  results  of  this  experiment  may  be  summarized 
as  follows: 

Feeding  Experiments  in  Two  Cottages.     Duration  Oxe  Year 


Patients 

Cases  of 
Pellagra 

Suspects 

50 
58 

4 
5 

1 

5 

it  is  evident  from  these  results  that  an  extensive  corn  diet  did  not 
favor  the  production  of  pellagra.  Cases  developed  in  each  ward  in  prac- 
tically the  same  proportion,  and  this  proportion  agrees  in  general  with 
that  found  throughout  the  institution,  which  was  also  on  a  corn-free 
diet.  It  i=  not  claimed  that  this  experiment  absolutely  disposes  of  all 
forms  of  the  corn  theory  of  the  production  of  pellagra,  but  it  is  difficult 
to  reconcile  the  results  with  the  ordinary  theories  incriminating  corn  as  a 
causative  factor  in  the  production  of  the  disease. 

The  analysis  of  the  corn  diet  was  conducted  similarly  to  that  of  the 
general  diet  with  the  exception  that  a  separate  sample  was  made  of  all 
foods  derived  from  maize.  The  quantities  of  foods  and  nutrients  con- 
sumed are  summarized  in  Table  18,  and  the  distribution  of  the  nutrients 
among  animal  and  vegetable  foods  in  Table  19.  There  were  fifty-six 
patients  in  this  group. 

Xo  complete  study  of  the  corn-free  diet  was  made,  but  the  quantities 
of  food  consumed  by  the  group  taking  this  diet,  fifty-seven  in  number, 
were  determined  for  two  days.    These  figures  are  given  in  Table  20. 

Before  any  definite  conclusion^  can  be  drawn  from  such  studies  as 
this  it  is  obviously  necessary  that  further  investigations  be  made  with 
accurate  metabolism  experiments.  It  is  difficult  to  judge  of  the  adequacy 
of  the  protein  content  in  the  above  studios  because  very  little  information 
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is  available  regarding  the  food  requirements  of  the  insane.     It  is  per- 
missible, however,  to  make  the  following  suggestions: 

1.  The  protein  content  of  the  general  diet  is  probably  sufficient  but  is  certainly 
not  excessive. 

2.  This  diet  is  chiefly  vegetable  in  nature,  much  more  so  than  the  average 
American  dietary.  It  is  conceivable  that  a  deficiency  in  animal  protein  may  pre- 
dispose to  pellagra. 

3.  An  excess  of  corn  products  in  the  dietary  of  fifty-seven  patients  continued 
foi  a  period  of  one  year  did  not  result  in  the  development  of  more  pellagra  than 
in  a  similar  squad  of  fifty-seven  patients  whose  diet  contained  no  corn,  other  con- 
ditions being  equal. 

4.  The  quantities  of  nutrients,  energy,  and  mineral  substances  ingested  per 
man  per  day  by  the  patients  receiving  the  corn  diet  were  adequate  but  not  exces- 
sive. Th-i  scanty  data  at  hand  seem  to  show  that  the  corn-free  diet  was  at  least 
equal  in  nutritive  value  to  the  corn  diet. 

5.  The  quality  of  corn  meal  supplied  to  the  state  hospitals  is  of  high  grade. 

6.  The  growth  of  the  commoner  varieties  of  mold  in  pure  culture  on  corn  meal 
does  not  give  rise  to  great  toxicity. 

VIII.     SIMULIA   IN   ILLINOIS 

Owing  to  the  importance  placed  on  the  buffalo  gnat  as  a  possible 
carrier  of  the  disease  by  Sambon,  the  Commission  invited  Prof.  Stephen 
A.  Forbes,  State  Entomologist,  to  make  an  investigation  in  this  field. 
He  very  kindly  consented,  and  presented  an  admirable  report.  It  is  only 
possible  here  to  outline  a  part  of  his  findings.  The  reader  who  is 
interested  is  respectfully  requested  to  consult  the  monograph  published 
by  the  commission  for  Professor  Forbes'  full  report. 

GENERAL   DESCRIPTION 

The  buffalo  gnats  or  black  flies,  all  species  of  the  genus  SimaUum,  are 
small,  two-winged  insects  with  thick,  hump-backed  bodies  and  sharp 
piercing  and  sucking  beaks.  They  vary  in  length,  according  to  species, 
from  1/25  to  1/6  of  an  inch — 1  to  4.5  mm.  They  are  notorious  for  the 
immense  numbers  in  which  they  swarm  in  early  spring,  especially  along 
the  larger  streams,  and  for  the  painfulness  of  the  punctures  made  by  the 
females  (the  males  being  inoffensive),  and  the  ferocity  and  fierceness  of 
their  attack.  They  are,  generally  speaking,  more  annoying  than  seriously 
injurious  to  mankind,  although  several  deaths  have  been  more  or  less 
plausibly  attributed  to  their  attack;  but  to  domestic  animals,  especially 
to  cattle,  horses  and  mules,  and  even  to  poultry,  they  are  a  terrible  and 
terrifying  scourge. 

As  is  very  commonly  the  case  with  blood-sucking  diptera,  the  young 
or  larva?  of  these  flies  are  aquatic.  The  eggs  are  laid  in  patches  on  objects 
under  water,  the  larvag  transform  there  to  pupae  and  the  pupae  to  winged 
adults,  which  escape  to  the  surface  each  in  a  bubble  of  air  absorbed  from 
the  water  through  the  gills  of  the  pupa  and  stored  up  under  its  cuticle. 
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The  larvae  are  so  abundant  locally,  under  the  most  favorable  conditions, 
that  the  water  is  said  sometimes  fairly  to  boil  as  the  winged  insects  burst 
from  its  surface,  each  in  its  air  bubble. 


NTTJMBEB    AND   GENERAL    DISTRIBUTION   OF  SPE( 

There  are  about  sixty-five  species  of  this  genus  in  the  world.  Twenty- 
five  of  them  have  been  found  in  North  America  and  fifteen  in  the  United 
State-.  Nine  species  are  known  by  us  to  occur  in  Illinois,  and  a  possible 
tenth  species  is  represented  by  an  unidentified  larva  found  in  Vermilion 

Table   19. — Distribution  <>r 


Food  Materials 

Fresh  Food 

Dry 

Substance 

Protein 

o 

- 
— 

— 

- 

Quan- 
tity 
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cent. 
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20,051 
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73.56 

89.07 

162.63 

268.41 
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854.78 
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383.61 

0.35 
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257.05 
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3?.38 

10.34 

15.75 

2.3.60 
2.26 
2.77 

44.37 

5.10 

4.18 

35.89 

45.17 

0.17 

100.00 

14.07 

35.93 

78.93 

338.60 

344.67 
0.89 
763.09 
107.33 
655.75 

7.62s.  17 
2.761.17 

10.389.34 

5.448.72 

9,563.79 

1 12.56 

17.15 

L5.172.22 

1,669.95 

73..35 

11,489.44 

L3.232.74 

19.66 
7.12 

26.78 

14.05 

24.65 
0.37 
0.04 

39.11 

4.30 

0.19 

29.62 

34.11 

- 
33.76 

Milk 

414.87 

21 ).'  62     Vegetable  foods 

20,055 

Total  vegetable  foods 

•J.  180.56 

■n  |t|  )5 1 
21 1 1 67 
20,058 

20.24 
27.31 

1  l.l  12 

LOO.00 

L0.59 

B9.41 

978.66 

0.89 

:;.:,:  i.'.>-2 

378.75 

3,196.17 

38  794.30 

4,60l'..".7 
34,191.73 

100.00 
11.88 
B814 

98.96 

11.74 

Amount  actually  r-onsumed... 

(,'ountv.  Illinois,  and  also  abundanl  in  Yellowstone  Park.    One  American 
species,  .s'.  hiriipes,  found  in  northern   Illinois,  occurs  in   Europej'and 
another,  8.  reptartSj  abundanl  throughoul  Europe,  i-  reported  from  Ore  n- 
land  also,  bul  nol  elsewhere  in  North  America.    It  is  to  this  latter  - 
indeed,  thai  the  Bpread  oi  pellagra  has  been  ascribed  in  Italy. 

OBNEBAl    PEATUBE8  OJ     LIFE    HISTORI    "I     [LLINOIS  SPECIES) 

Neither  tl><'  life  histories  nor  the  habits  of  any  of  our  American  Bpa  ies 
have  been  sufficiently  studied,  and  the  one  besl  known  (8.  pictipes) 
happens  to  l»'  of  the  leasl  Lnteresi  from  our  presenl  poinl  of  view,  -in" 
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it  has  never  been  known  to  bite.  Our  Illinois  species  differ  considerably 
in  distribution,  life  history  and  places  of  most  frequent  occurrence.  Two 
of  them — the  so-called  turkey  gnat  (S.  meridionals)  and  the  buffalo  gnat 
(S.  pecuarum)  are  the  species  to  which  southern  accounts  of  these  insects 
usually  apply.  Although  they  occur  occasionally  far  to  the  north,  they 
are  southern  in  their  general  range  and  predominant  numbers,  and  have 
not  been  found  by  us  in  northern  Illinois.  S.  venustum,  the  black  fly  or 
sand-fly  of  the  northern  woods,  is,  on  the  other  hand,  perhaps  the  most 
abundant  species  in  the  north,  although  S.  vittatum  is  frequently  found 


Nutrients.     Cobx  Diet 
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19.84 
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237.60 

112.56 

4,773.15 
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506.54 
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4.97 

16.36 

24.89 
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9.88 
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4.40 

3.98 

35.00 

43.38 

2.75 
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0.64 
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009 

7.S40.81 
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40  57 
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0  07 
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,s.°..603.44 

39.50 
45.37 
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44.62      0.84 
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100.00 
14.37 
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100.00 
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100.00 
14.13 
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3,375 
477 

2,898 

734.23 
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642.18 

100.00      1.87 
12.54.      0.23 
87.46      1.64 

in  its  company.  The  first  of  these  is  said  by  Prof.  F.  L.  Washburn  to 
be  an  annoyance  to  stock  in  Minnesota,  and  the  second  a  torment  to 
mankind.  These  two  species  are  the  commonest  ones  in  northern  and 
central  Illinois.  We  have  likewise  a  fifth  species,  hitherto  undescribed, 
the  larva?  of  which  are  abundant  in  the  Illinois  river,  and  two  or  three 
others  which  occur  more  sparingly  in  various  parts  of  the  state. 

Our  species  differ  also  in  the  number  of  generations,  the  two  especially 
southern  forms  (>'.  pecuarum  and  8.  meridionale)  having  so  far  as  known 
but  one  generation  in  a  year,  which  reaches  the  winged  stage  in  earlv 
spring,  while  the  two  most  abundant  northern  forms  (S.  venustum  and 
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-    appear  in   the  winged  throughout  the 

summer,  and  evidently  have  two  or  mor«-  :  how  many  is 

known.     S.  pictipes  also  develops  at  least  two  generation-. 
S    ae  of  these  speci*  -  mainly  in  small   -  -.  while  o\ 

.vorable  situations  for  reproduction  in  the  largest  rivers.    S. 

-.  vittatum  are  examples  of  I  tarum 

lustum  of  the  second.     Larva?  and  pupae  of  all  are  limited  to 
flowing  streani-.  rvae  quickly  dying,  indeed,  if  ti      sferred  to  quiet 

;ire  evidently  very  sensitive  a,  and 

can  live  as  a  rule  only  where  the  currenl  is  swift  or  where  it-  movement 
is  so  interrupted  l>\  shallows  or  by  objects  lying  or  growing  or  sus]  ■ 
in  the  si  ream  ■  irl  or  ripple 

•I    Cobs   vm>  Cobs  Fbei    Diets.     Quantities  of  Food 
b  Man,  I'kr  Day,  Dobinc  thi    Fibsi  Two  Days  of  Expebimek 
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hii 
xe 

T. 

130  88 

i  foods 

570.26 

T  •    larvae  are   rather  peculiar  creatures,   wit]  .  cylindrical, 

t-like  bodies,  thickened  and  club-shaped  ai  the  hinder  end,  by  which 

re  i"  -nine  submerged  object,  and  with  a  pair  of  fan-like  clusters 

iments  mar  the  mouth.    They  are  commonly   grouped  in  colonies, 

tbjeel  i"  which  the}  are  attached.    They  spin 

their  mouths  Bilken  threads,  with  which  they  \'"ru\  a  etwork 

■  -  the  surfaces  the]   occupy,  and   l>\    means   of  which   the; 

r  their  position  it  Bwepi  away  by  I  at.    Thej  move  mainly 

asurinp  worm,  \\  itii  the  aid  ol  a<  h  end  of  the 

They  pupate  in  a  case  or  nesl  compi  web  spun  from  the 
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mouth,  and  the  pupa  breathes  by  a  pair  of  tufted  gills  extending  forward 
from  the  open  mouth  of  the  case. 

In  the  two  species  whose  life  histories  have  been  fairly  well  followed, 
[y  >'.  pictipes  and  8.  vcnustum,  about  two  months  elapse  in  summer 
between  the  laying  of  the  egg  and  the  appearance  of  the  winged  fly,  the 
:..  stage  lasting  about  one  week,  the  larval  four  weeks,  and  the  pupal 
three.  In  colder  weather  the  development  proceeds  more  slowly.  As  these 
species  hatch  from  the  egg  in  Xew  York  in  the  first  part  of  May,  there 
is  time,  at  this  rate,  for  three  successive  generations,  the  last  of  which 
hibernates  in  the  larval  stage,  pupating  in  April  of  the  following  year. 
We  have  sufficient  data  concerning  the  times  of  occurrence  of  the  winged 
black  flies  in  Illinois  to  bring  all  but  three  or  four  of  our  species  under 
this  category.  The  single-brooded  species  appear  in  the  winged  stage  in 
central  Illinois  in  April  and  May.  the  date  of  maximum  abundance  here 
in  two  successive  years  having  been  about  April  25.  The  farther  south 
one  goes  and  the  earlier  the  spring,  the  earlier  is  the  swarming  time  of 
the  gnats.  Indeed,  we  have  one  report  from  Louisiana  of  the  appearance 
of  winged  buffalo  gnats  during  every  month  of  an  unusually  mild  winter, 
and  a  consequent  failure  of  the  usual  spring  rush  in  February  and  March. 
Although  six  of  our  Illinois  species  send  out  summer  broods,  these  are 
so  scanty  and  scattering  that  it  is  difficult  to  find  winged  specimens  in 
the  field,  even  by  careful  expert  search,  at  any  time  except  in  spring. 

BREEDING    SITUATIONS    OF    THE    BLACK    FLIES 

The  number  of  our  Illinois  species,  and  the  fact  of  their  distribution 
in  all  parts  of  the  state,  make  it  practically  certain  that  black  flies  may 
be  found  sooner  or  later  wherever  and  whenever  the  somewhat  peculiar 
local  conditions  required  for  their  breeding  are  present.  These  conditions 
are.  in  the  first  place,  running  water  continuous  through  the  breeding 
season,  aud,  in  the  second  place,  either  a  rippling  surface  or  a  fairly  rapid 
flow  of  the  stream.  It  is  also  necessary  that  there  should  be  solid  objects 
in  the  water,  not  more  than  a  few  inches  under  the  surface,  on  which 
the  eggs  may  be  laid  and  to  which  the  larva?  may  cling.  The  water  must 
also,  of  course,  contain  a  sufficient  supply  of  the  smaller  plankton  and 
other  organic  particles  on  which  the  larvae  feed.  As  they  remain  attached 
like  plants  and  cannot  search  for  food,  they  are  dependent  on  whatever 
chance  brings  within  reach  of  the  prehensile  apparatus  about  the  mouth. 
The  species  which  breed  in  rivers  find  these  conditions  most  general 
during  high  water,  especially  in  spring.  Then  the  current  of  the  stream 
is  comparatively  swift  and  strong  near  the  shores,  and  the  marginal 
overflow  reaches  to  trees  and  shrubs,  stranded  driftwood,  and  the  like, 
which,  create  the  necessary  surface  disturbance  and  at  the  same  time 
provide  places  of  attachment  for  the  ena's  and   larvae.     In  the  smaller 
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-   on  the  other  hand,  times  of  flood  are  less  favorable,  except  wl 
there  is  a  rocky  bed;  but  as  the  summer  g      -      _  ow,  dipping  into  the 

am,  and  marginal  shrubs  droop  t!  i  with  leaves  into 

the  water,  and  as  the  heavier  objects  on  the  bottom  of  the  creeks  and 

rivulets  are  brought  near  the  surface  by  the  shrinking  of  the  stream. 

many  suitable  places  may  be  found  here  and  there  for  the  black  fly  to 

and  for  the  young  to  reach  the  pupation  si 

Myriads  of  these  insects  >ur  field  note-  show,  when 

the  waters  fall,  leaving  the  pupae  exposed  and  liable  to  dry  out.  Small 
and  certain  carnivorous  insects,  especially  case  worms,  devour  the 
larvae,  and  their  numbers  in  summer  and  fall  are  rarely  very  great  in  our 
latitude.  The  bottom  land-  of  our  principal  rivers  —  the  Illinois,  the 
Mississippi,  the  Ohio  and  the  Wabash —  from  the  middle  of  April  to  the 
middle  of  May,  are  almosl  the  only  situations  in  which  the  black  flies 
may  he  called  a  plagui  .  \-  I  swarms  of  these  insects  are  readily  blpwn 
about  by  the  wind,  they  are  often  carried  to  considerable  disf  rom 

r  place  of  origin,  and  eases  are  on  record  in  which  they  must  have 
been  borne  several  miles  in  this  way.  The  adults  are  not  long-lived,  and 
an  outbreak  does  not  ordinarily  continue  annoying  longer  than  ten  days. 
A  -form  of  wind  and  rain  may.  in  fact,  put  an  end  to  it  in  even  li 

The  description  of  the  various  species   found   is  necessarily  on 
• 

POSSIBLE   BELATTON    TO    PELLAGB  \ 

To    ascertain    definitely   whether   the   distribution   >  -    in 

Illinois  and  the  times  ir  principal  appearance,  local  and  general, 

■  any  relation  to  the  urrence  and  frequency  of  cases  of  pellagra, 

would  require  a  very  much  broader  and  closer  survey  of  thi   state,  with 
this  poinl  especially  in  mind,  than  ii  has  been  possible  for  me  to  ra 
With  the  exception  of  a  pan  of  the  data  obtained  al   Havana  and  Pe 
in    1910,  those  here  reported  are  the  product  of  general  miscellau 

ections  made  during  many  years,  with  no  thought  of  any  pathological 
application.    They  are  sufficient,  however,  to  show  the  common  occurn 
of  black    flies   throughout    the   Btate.     Our  specimens   have  come   from 

een  counties  five  in  northern  Illinois,  eight  in  central  and  three  in 
southern,  as  follow-:  northern  rilinois:  McHenry,  Can-oil.  Cook,  La 
-    le  and  Mercer;  central  Illinois:  Peoria,  Tazewell,  McLean,  Vermilion, 

impaign,  Mason,  Fulton  and  Green;  and  southern   Nlinc       '      »ash, 

oe  and  Jackson. 

places  and  situations  of  occurrence  are  such  as  to  warrant   the 

opinion  I  Hies  mighl  be  found  in  lai  mailer  number  in 

ounty  of  the  state.    They  would  be  mosl  abundant,  of  course,  along 

■\  ers   i  and   ii   is  only  there  t '  no!  a- 
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]3ests),  and  the  species  would  differ  with  the  size  and  character  of  the 
streams,  and,  to  some  extent,  with  the  latitude. 

The  only  attempt  I  have  been  able  to  make  toward  a  comparison  of 
local  facts  concerning  simuiium  with  the  local  data  of  pellagra  is  based 
on  observations  made  at  Bartonville,  near  Peoria,  in  the  latter  part  of 
August,  1910.  The  location  there  of  the  general  hospital  for  the  insane, 
in  which  pellagra  is  almost  contimiousiy  present,  gave  us  reason  to 
examine  the  surroundings  of  this  institution  as  carefully  as  possible,  and 
visits  were  made  to  this  place  by  Mr.  C.  A.  Hart  on  August  29,  30  and 
31.  In  a  small  stream  just  north  of  the  hospital  grounds  at  Bartonville, 
which  leaves  the  bluff  on  which  the  buildings  stand,  passes  under  the 
highway  and  flows  eastward  through  low  ground  towards  the  river, 
simuiium  larva?  were  obtained  just  below  the  wagon  bridge,  on  the  leaves 
of  trailing  branches  and  on  other  objects  in  the  stream,  although  none 
could  be  found  in  this  stream  above  the  highway.  The  point  at  which 
the  black  flies  were  breeding  was  about  a  third  of  a  mile  in  direct  line 
from  the  hospital  buildings.  Xo  pupa?  were  seen  in  the  water  and  no 
winged  flies  could  be  caught  by  diligent  sweeping  of  the  vegetation  in 
that  vicinitv.  Two  small  streams  emerging  from  shady  valleys  in-  the 
bluffs  to  the  south  of  the  hospital  grounds  were  destitute  of  simuiium 
larva?. 

In  Kickapoo  Creek,  between  Bartonville  and  Peoria,  a  very  few  larvae 
and  pupa?  were  found,  and  a  considerable  number  were  taken  in  favorable 
places  all  along  Farm  Creek  near  the  East  Peoria  station,  across  the  river 
from  the  hospital.  These  were  not  in  the  deeper  or  wider  parts  of  the 
creek,  but  in  its  very  smallest  lateral  divisions  and  the  shallowest  margins 
of  the  riffles.  All  the  specimens  taken  at  this  time  in  these  streams  proved 
to  be  Simuiium  vittatum.  A  thorough  search  of  the  river  margin  at 
Peoria,  made  August  31,  was  without  result,  no  trace  of  simuiium  being 
found  in  the  main  stream.  Xot  a  single  winged  black  fly  could  be  found 
here,  although  the  presence  of  small  numbers  of  the  pupa?,  showed  that  a 
very  few  might  be  abroad.  The  probability  of  any  activity  of  black  flies 
in  convoying  pellagra  at  this  place  and  time  seems,  consequently,  very 
small. 

I  have  next  to  scan  my  miscellaneous  data  with  reference  to  the 
possibility  of  distinguishing  successive  generations,  and  periods  of  greatest 
abundance,  of  the  insects  on  the  wing.  Throwing  all  these  data  together, 
I  find  that  we  have  made  collections  of  adults  on  thirty-six  of  the  204 
days  from  April  3  to  October  24,  and  that  there  are  two  rather  con- 
spicuous blanks  in  the  series — one  extending  from  May  22  to  June  14. 
twenty-two  days,  and  the  other  from  July  21  to  August  11.  twenty  days. 
Accepting  these  as  indications  of  the  dividing  lines  between  successive 
generations,  we  may  conclude  provisionally  that  we  have  three  generations 
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in  the  season,  the  first  C"  _   April  and  the  a  .  the 

nd  the  latter  part  of  June  and  July,  an  ding 

from  the  middle  of  August  to  the  las!  in1  avals  mi . 

perhaps  be  filled  in.  at  least  in  part,  if  we  had  larger  collections;  but 

•  correspond  fairly  well  to  such  definiti 
the  length  o  ration  pi  ulium.      I 

been  done  only  in  New  York,  and  i 
tipes  and  S.  venustum,  the  first  of  which  |    --  r  in 

Illinois.    For  both  these  New  been  s  town  that  in  I 

■:  of  the  summer  the  de\'  of  a  generation  requires 

i'  eight  weeks,  one  of  which  is  passed  in  the  egg,  ■    ::  ■    larva 

three  in  the  pupa  stage.     Making  ible  allowi  r  a  pro- 

bation of  the  period  of  development  of  the  earlii  era- 

tioi  -  _  in  the  cooler  weather  of  ay  fairly  sup] 

■   we  have  three  generatioi  our  111;  the   first 

ading  through  April  and  M.  ing  in  June  and  July 

and  the  third   in   August,  September  and  Od  :  gists  will 

rstand  t!  at  with  any  -  aerations  as  this 

in  a  single  season,  the  period-  of  the  later  ones  are  always  the  loi  ; 
'I     •  oth»r  throe  Illinois  species  seem  to  give  us  but  one  generation  each, 
which  we  know  to  appear  in  April  and   May. 

It  has  been  a  matter  of  special  interesl  to  me  to  compare  this  hypo- 

me  of  generations  with  pellagra  data  communicated  to  me 

by  Dr.  IT.  Douglas  Singer,  in  a  letter  written  December  29,  1911.    T  i 

ats  of  this  leti  illustrated  by  a  curve  showing  the  quo 

df  fresh  pellagra  occurring  at  the  Bartonville  General   Eospital 

each  month  from  duly.  1909,  to  September,  1911.     There  are  five 
high  points  in  this  curve  months;  one  at  the  begin- 

ning of  the  record,  which,  starting  with  twenti  »r  July,  L909, 

i  ty-one  For  August,  and  then  drops  rapidly  away  to  three  in 
December.    This  is  much  the  highest  wave  of  the  curve.    The  nexl  wt 
of  ii  legins  with  a  single  case  in  April,  1910,  rises  to  sixteen  cases 

in  Ma}  and  to  thirty-four  in  June,  and  drops  to  Eoufin  July.    We  have 

in  August,  1 91 0,  B  fti  en  in  September 
and    me  in  October.    Twi  n  the  following    \l       <   (1911)  become 

four  in  April  and  -i\  in  May,  fall  to  one  in  dune,  rise  again  to  three  in 
Jul  .-  n  in  August  and  fall  to  none  in  Septemb 

the  supposition  of  a  connection  between  black-fly  outbreaks  and 
pellagra  waves,  we  should   naturally  expeci   the  former  to  preci 

omewhat;  jus!   1 1 « » w    far.  of  course,  tell,  since  that 

would    involve  a   knowledge  of  the   incubation    pe]  the  disei 

\  comparison  of  my  hypothetical   pei  aerations 

with  tin  'if  fn. pi.  :n  judical 

of  a  .'. "  serii  -  foi  • 
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of  the  year,  but  negatives  the  idea  of  any  stimulating  influence  of  the 
implied  third  generation.  Thus,  omitting  the  1909  record  as  begun 
too  late  to  serve  our  purpose,  the  March  and  April  generation  of  black 
flies  for  1910  connects  with  an  April  and  May  increase  of  pellagra; 
the  supposed  June  and  July  generation  of  that  year  with  high  numbers 
of  new  cases  for  August  and  September;  the  March  and  April  generation 
of  1911  connects  with  an  April  and  May  increase  of  pellagra  for  that 
year,  and  the  June  and  July  generation  with  a  July  and  August  increase. 
The  August  to  October  generation,  on  the  other  hand,  is  followed  by  a 
decline  in  the  number  of  new  cases  in  both  1909  and  1910,  the  record 
for  1911  breaking  off  within  this  period. 

These  interpretations,  it  is  true,  are  decidedly  hypothetical,  but  they 
may  be  taken  as  at  least  suggestive  of  a  causal  relationship,  and  as 
indicative  of  a  method  of  analysis  which,  used  in  proper  cases,  may  give 
definite  results.  We  need  to  know  accurately  the  life  histories  of  the 
various  species  of  simulium  for  the  entire  year  in  some  locality  where 
pellagra  is  more  or  less  prevalent,  and  to  know  also  the  exact  facts  as  to 
the  local  abundance  of  the  winged  flies  during  the  successive  generation 
periods.  If  there  are  recognizable  and  considerable  variations  in  abund- 
ance, or  definite  breaks  in  the  insect  series,  correlated  in  a  uniform  way 
with  waves  of  pellagra  increase  presently  following:  and  if  exceptions  to 
this  correlation  are  to  be  clearly  explained  by  exceptional  circumstances, 
we  shall  have  strong  reason  to  believe  that  one  or  more  of  the  species  of 
simulium  then  and  there  present  are  causally  related  to  the  conveyance 
of  pellagra  from  one  person  to  another.  Other  and  more  direct  line-  of 
operation  on  this  problem  belong  to  the  pathologist  rather  than  to  the 
entomologist. 

IX.     GENERAL  SUMMARY   AXD   DISCUSSION" 

1.  Pellagra  in  Illinois.  A  conservative  estimate  of  the  number  of 
pellagrins  in  this  state  from  July,  1909,  when  it  was  first  recognized,  to 
September,  1911,  would  be  five  hundred.  The  vast  majority  of  these 
cases  have  occurred  in  the  state  and  county  hospitals  for  the  insane, 
notably  at  the  Peoria  State  Hospital.  There  has  been  a  progressi 
diminution  in  the  total  numbers  of  new  cases  in  the  three  years  under 
consideration  in  these  institutions.  It  is,  however,  becoming  increasingly 
evident  that  there  is  a  considerable  number  of  case-  outside  the  state 
hospitals,  although  we  have  no  figures  which  will  justify  any  statements 
as  to  the  actual  numbers.  Two  somewhat  striking  foci  seem  to  exist  in 
Chicago  and  Peoria,  but  it  is  probable  that  the  disease  is  prevalent  over 
wide  areas. 

2.  Clinical  Manifestations  and  Pathology. — Pellagra  is  a  systemic 
disease  characterized  by  a  skin  eruption,  symptoms  of  gastro-intestinal 
di-turbance  and  more  or  less  well-marked  general  debility  and  emaciation. 
Tbe  only  reliable  diagnostic  symptom  is  the  skin  eruption  which  begins 
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bright  red  erythema  generally  on  v   ■  -       r';e  hands.    Th  - 

-  more  eopper-eolored  in  the  course  of  a  few  days  with  thicken     s 
the  epidermis,  especially  about  the  knuckles  and  often  with       - 
which  bleed  easily.     In  severe  types  bullae  form,  which  may  rupture,  and 
thus  give  rise  to  superficial  ulcers.     In  the  course  of  two  or  three  w 
the  color  becomes  gradually  darker  from  increased  pigment  deposits  and 
begins  to  desquamate.    T  lasts  a  variable  time  from  a  few  w< 

al  months,  at  the  end  of  which  the  appearance  is  pink  and  delicate- 
looking,  like  that  of  an  infant.  Following  this  it  gradually  returns  to  a 
normal  condition.    The  chief  points  in  sis  are  the  course:  the  n 

or  less  absolute  symmetry  on  the  t  <»f  the  body,  the  sharp  line  of 

demarcation  from  the  healthy  skin  and  the  abs 

and  pain.     The  i  are  the  backs  of  the  hands  and  lower 

parts  of  the  forearm-,  often  extending  as  a  cuff  around  the  w 
above  the  palm:  the  elbows  and  areas  en  the  inner  sides  of  the  arm-  and 
forearms;  the  forehead  and  cheeks;  the   neck,  and  finally  the  d     - 
the  feet.     At    times  the  eruption   is   widespread  over  the  whole  body. 
Denudation    and    swelling    of    the    tongue    with    sometimes    ulceration, 
inflammation  and  even  ulceration  of  0  sa  of  the  cheeks,  gums  and 

-  should  probably  be  regarded  as  manifestations  similar  to  the  skin 
eruption.  Excoriation-  about  the  8nus  and  genitalia,  with  inflammation 
of  the  mucosa  of  the  vagina  are  fairly  common. 

The  gastro-intestinal   symptoms  are   very  frequent,  but  not  always 
marked  and  may  be  absent.    The}  consist  of  diarrhea  with  liquid  puti   - 
stools  of  peculiar  odor,  which  is  thought  by  somi   to  be  charactei  istic. 
More  or  less  anorexia   is  rule,  but   sometimes  appetit 

jsive. 

■  ion  and  general  weaki  nt  in  a  degrei 

responding  with  th  h   of  the  gastro-intestinal  symptoi 

Besides  these  features  there  is  a  great   tendency  to  the  development 
aental  disorder  of  delirious  type  and  in  i1  e  late  stages  to  the  01 1  in 

•    otral  neuritis  syndrome. 

The  count  of  the  disease  is  extremeh    variables     In  mam   cases  it 

consists  of  annual  exa  ms  lasting  one  or  two  months  with  apparent 

•  w\-\  in  the  intervals.     3  patients  seem  to  haveWini  -  and 

iver,  a1   any  rate  without   recurrence  during  om  prous 

son.     The  percentage  of  recurrences  in  individual-  recovering  from 

an  attack  in   L909  was  31.25  in   L910  and   13.24  in   L91 1.     Of  t        910 

cks  which  did  not   prove  fatal  on]  at.  recurred   in   1911. 

Death  may  resull  in  an]  attack  whether  the  first  or  lat< 

This  may   transpire  during  the  acute   phase  apparently    from   general 

austion,  or  at  period,  after  all  characteristic  pellagi 

have  disappeared,  with  symptoms  of  central  neuritis.     Pathologically  one 
dying  during  the  acute  stage  presented  lesions  resembling  I 
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central  neuritis,  although  the  characteristic  clinical  syndrome  was  not 
observed  during  life.  The  mortality-  has  been  very  high  in  this  state. 
pellagra  being  given  as  the  immediate  cause  of  death  in  49.6  per  cent, 
of  the  25S  cases  at  the  Peoria  State  Hospital.  Of  the  408  cases  recorded. 
189.  or  46.3  per  cent,  are  dead,  although  in  some  of  these  instances 
intercurrent  disease  seemed  to  be  the  actual  cause. 

Symptoms  which  appear  to  be  of  bad  prognostic  import  are  the  early 
appearance  and  severe  degree  of  gastro-intestinal  and  mouth  symptoms, 
marked  emaciation  and  the  occurrence  of  nervous  symptoms  such  as 
delirium  and  signs  of  central  neuritis. 

Treatment  has  seemed  to  have  but  little  if  any  influence  on  the  course 
of  the  disease.  Arsenic  has  been  used  in  various  forms,  but  the  cases  so 
treated  do  not  seem  to  have  shown  any  more  favorable  outcome  than  those 
without  it.  We  can  recommend  only  general  measures  such  as  careful 
nursing  and  diet,  the  avoidance  of  exposttre  to  the  sun,  which  seems  to 
aggravate  the  skin  lesions,  together  with  the  copious  administration  of 
fluids,  which  may  if  necessary  be  given  by  hypodermoclysis. 

Feces :  The  stools  of  pellagrins  are  exceedingly  variable  in  character. 
In  general,  there  is  a  marked  diarrhea  during  the  acute  attack,  with 
frequent  watery  evacuations,  nearly  always  very  foul-smelling.  Later. 
the  .-tools  become  less  fluid  and  contain  abundant  mucus.  Blood  and 
epithelial  cells  are  frequently  observed  in  severe  cases. 

The  numerical  relationships  of  the  normal  forms  of  fecal  bacteria  are 
more  or  less  disturbed  and  new  forms  of  bacteria  of  several  different 
kind^  appear  in  the  feces  in  appreciable  numbers.  Protozoa,  especially 
amebas  and  flagellates,  are  frequently  found. 

Cultures  of  the  fecal  bacteria  in  the  various  stages  of  pellagra  also 
indicate  disturbances  of  the  normal  relationships  of  the  intestinal  bacteria. 
In  addition  to  this,  some  forms  of  bacteria  not  ordinarily  found  in  the 
feces  of  healthy  men  are  found  here  in  appreciable  numbers. 

There  is  some  evidence  indicating  that  some  of  these  bacterial  and 
protozoal  forms  play  a  part  in  producing  some  of  the  pathological  changes 
observed  in  the  cases  of  pellagra  which  Ave  have  studied.  Whether  any 
of  them  is  a  primary  factor  in  the  disease  itself,  or  whether  they  are  all 
secondary  invaders  with  no  essential  causal  relation  to  pellagra,  cannot 
be  decided  from  the  evidence  at  hand.  For  those  forms  which  have  been 
studied  more  particularly  by  us  the  latter  hypothesis  seems  to  be  the 
more  probable.  Xevertheless.  these  bacteria  and  protozoa  seem  to  be 
worthy  of  further  attention. 

Blood :  Moderate  anemia  is  the  rule  with  a  color  index  which  is 
frequently  normal  or  even  slightly  above.  Leukocytosis  occurs  occa- 
sionally in  severe  cases,  but  as  a  rule  the  number  of  white  cells  is  within 
normal  limits.  There  appears  to  be  no  characteristic  change  in  the 
relative  proportions  of  the  different  varieties  of  white  cell. 
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No    abnormalities    are   n<  in    the    size,    shape  and    staining 

the  red  cells.     No  abnormal  bodies  have  been  found  either 

in  fresh  or  in  stained  specimens.     Cultures  have  been  almost  all  Bterile. 

Urine:  Indican  has  been  increased  and  there  are  variations  in  color, 
quantity,  sp  tion.     A   trace  of  albumin  with 

hyaline-  casts  are  not  uncommon. 

Cerebrospinal    fluid:     This    shows    no    increase   of   cell   element - 
albumin  content  and  cultures  have  been  uniformly  sterile. 

Complement  fixation  tests  with  the  blood-serum  of  pellagrins  as  an 
amboceptor  and  extracts  of  pellagrous  liver,  tongue  and  spleen  as  antigen 
have  given  results  which  cannot  be  regarded  as  specific  at  present. 
Negatives  with  positive  cases  and  positives  with  normal  Bera  have  been 
encountered  too  frequently  to  permit  of  any  interpretation. 

Anaphylactic  tests  by  von  Pirquet's  method  using  extracts  of  healthy 
and  damaged  maize  have  proved  uniformly  negative. 

Thi  -i-niortem  findings  are  those  of  a  generalized  intoxication. 
Fatty  degeneration  of  the  liver  with  inflammation  and  ulceration  of  tin- 
intestinal  mucosa  and  the  occurrence  of  islets  of  subacute  inflammatory 
exudate  in  the  portal  canals  of  the  liver  Buggest  an  intoxication  of  inl  - 
tinal  origin  which  may  be  i  ither  primary  or  secondary.  There  is  nothing 
characterise  of  pellagra  in  the  lesions  found  in  the  nervous  system;  they 
can  only  be  regarded  as  evidence  of  an  intoxication. 

The  chemical  analysis  of  one  pellagrous  brain  shows  no  deficiency  in 
sulphuT  ot  phosphorus,  bul  only  a  disturbance  in  the  combinations  of  the 
former.  Thi-  is  quoted  here  only  in  relation  to  the  possibility  of  a 
deficiency  in  (.Main  elements  in  the  diel  which  has  been  suggested  as  a 
cause.  for  pellagra. 

."..  Animal  Experimentation:  Inoculations  of  monkeys  and  other 
animal-;  with  tissue  emulsions  and  body  fluids  have  been  entirely 
unsuccessful. 

Feeding  with  the  dejecta  of  human  pellagrins  has  given  rise  to  no 
symptoms?.  Similar  negative  results  were  obtained  from  inoculation  with 
organisms  isolated  from  the  stools. 

Feeding  experiments  with  maize  both  healthy  and  in  a  Bpoiled 
condh  ion  have  been  \\  ithoul  result. 

Injection  of  extracts  from  maize  contaminated  with  five  different 
mold-  was  found  to  be  toxic  in  one  Instance  only,  the  organism  being 
Monascvs  purpureus    Another  sample  containing  a  b  a  PenicUlium 

and  contaminated  with  bacteria  was  highl)  toxic. 

■I.  Diet:  Maize  has  formed  bul  a  -mall  pan  of  the  hospital  dietaries 
and  tin  (nudity  used  has  been  excellent.    Careful  observations  of  a  Bquad 

individuals  f><}  with  a  largi   ■  of  corn  products  for  a  period  of 
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twelve  months  compared  with  a  similar  number  given  a  strictly  corn-free 
diet  revealed  no  differences  in  the  number  of  cases  or  the  severity  of 
pellagra  which  developed  in  both. 

Detailed  study  of  the  general  diet  of  the  Peoria  State  Hospital  reveals 
a  deficiency  in  protein  constituents  and  especially  in  animal  protein. 
Comparisons  between  the  average  amount  of  meat  supplied  to  the  inmates 
of  the  Peoria  and  other  state  hospitals  suggest  a  greater  or  less  degree  of 
deficiency  in  animal  protein  in  all.  It  is  also  noticeable,  although  it  may 
be  quite  accidental,  that  pellagra  has  diminished  in  Peoria  and  Dunning, 
coincidently  with  an  increase  in  meat  supply,  while  at  Elgin  the  number 
of  pellagrins  has  increased  with  a  decrease  in  the  amount  of  meat 
provided  per  capita. 

GENERAL  DISCUSSION  OF  THEORIES  AS  TO  ETIOLOGY 

The  various  conceptions  as  to  the  etiology  of  pellagra  have  already 
been  enumerated  under  the  head  of  "Current  Views  on  Pellagra,"  as  the 
basis  on  which  the  work  of  this  commission  was  planned.  It  is  therefore 
only  necessary  here  to  discuss  the  bearing  of  the  work  accomplished  on 
these  different  theories.  This  can  with  advantage  be  arranged  under  the 
same  two  main  headings. 

1.  In  Relation  to  Maize. — It  may  be  said  that  all  work  directed  to 
this  question  has  uniformly  yielded  negative  results.  The  evidence 
collected  in  this  report  all  tends  to  discredit  any  such  assumption,  and 
while  we  fully  appreciate  that  negative  findings  can  never  be  accepted  as 
positive  proof  for  or  against  any  given  proposition,  it  nevertheless  seems 
to  us  that  the  burden  of  proof  must  rest  with  the  zeists.  The  following 
facts  may  be  especially  emphasized  as  tending  to  discredit  any  causal 
relations  between  maize  and  pellagra  :  (1)  Sound  maize:  (a)  Excessive 
corn  feeding  was  not  accompanied  by  more  pellagra  than  was  observed  in 
individuals  kept  on  a  strictly  corn-free  diet,  other  conditions  being,  as 
far  as  possible,  identical  as  regards  the  age,  sex,  mental  and  bodily  con- 
dition, habits  and  occupation  of  the  patients  and  the  size,  location  and 
general  arrangement  of  the  buildings,  although  cases  developed  under 
both  conditions ;  (b)  maize  products  constituted  only  a  moderate  pro- 
portion of  the  general  diet  of  those  affected;  (c)  cutaneous  tests  in 
pellagrins  with  extracts  of  corn  gave  rise  to  no  anaphylactic  symptoms. 
(2)  Damaged  maize :  (a)  The  corn  used  in  the  state  institutions  has  been 
of  high  grade:  (b)  all  experimental  work  has  necessarily  been  performed 
on  animals.  In  none  has  there  been  any  pellagra-like  manifestations, 
and,  in  fact,  with  few  exceptions  the  toxicity  has  been  low;  (c)  cutaneous 
anaphylaxis  tests  with  extracts  from  damaged  corn  were  negative. 

If  one  adds  to  these  direct  observations  the  keen  critical  analysis  by 
Sambon  of  the  foundations  on  which  the  maize  hypothesis  rests,  one  cannot 
but  feel  that  the  arguments  in  its  favor  are  extremelv  slender. 
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2.  Antizeist  Theories. — A-  long  ago  as   1905  Sambon8  i    -     --  d  the 
probability  that  pellagra  was  an  infei  •  causative  agent  of 

which  was  carried  by  Bome  blood-sucking  insect.  Eis  reasoning  is  based 
on  analogies  with  other  infecti  ns  of  that  character.  The  main  grounds 
are,-(1  i  th<  seasonal  recurrence;  (2)  stence  of  endemic  foci,  while, 

apparently,  the  disease  i-  qoI  contagious;  (3)  the  fact  that  recurrences 
occur  in  pn  viously  infected  individual.-  even  after  they  have  been  removed 
from  the  infected  locality  and  such  recurrences  occur  at  the  same  seasons 
of  the  year. 

\  investigations  carried  out  i>\  us  with  the  object  of  demonstrating 
the  presence  of  a  blood  parasite  have  so  Ear  failed.  Nevertheless,  it  is 
quite  possible  that  a  parasite  may  live  and  propagate  in  the  blood,  but 
require  special  methods  for  its  demonstration,  qoI  yet  discovered.  The 
failure  to  produce  pellagra  in  animals  with  such  infected  blood  may  well 
be  the  consequence  of  various  reasons.  For  instance,  it  is  quite  pot 
that,  as  Sambos  supposes,  some  second  phase  of  existence  in  an  inter- 
mediate host  such  as  the  biting  insect,  may  I"'  necessary.  Again,  the 
animals  used  for  experimentation  may  not  be  susceptible.  It  is  thus  quite 
obvious  that  the  negative  findings  so  far  enumerated  cannot  be  accepted 
erting  this  the< 

Pi  st-mortem  findings  do  suggest  a  possible  nidus  for  the  growth  of 
_ ; i n i ~ 1 1 1  in  the  intestine,  a  suggestion  which  might  be  considered  as 
especially  plausible  from  the  clinical  picture.  Nevertheless,  it  must  always 
be  remembered  that  the  infection  of  the  intestinal  trad  may  be  secondary 
to,  and  nol  causative  of,  pellagra.  We  have  studied  the  fecal  Bora  with 
especia  and  do  nol  consider  that  our  findings  justify  as  in  making 

any  claim  for  them  as  primary  causal  facti 

I  ation  of  simulia  to  pellagra,  hypothecated  by  Sambon,  finds 

but  little  support   from  the  researches  w<   have  been  able  to  make.     The 
particuliar  variety,  8.  reptans,  which  he  claims  to  be  of  world-wide  dis- 
tribution, is  said  by  Professor  Forbes  to  be  unknown  in  North  America 
I  except  in  Greenland. 

Quite  recently,  and  therefore  Dot  included  in  the  statistical  studies, 
we  have  had  the  opportunitj  to  observe  two  cases,  both  apparently  first 
attack-,  in  which  pellagra  developed  during  the  winter  months  following 
several  weeks  of  intensely  cold  weather.  One  of  these  arose  at  the 
Kankakee  State  Bospital,  the  first  Bymptoms  being  observed  Di 
1911.  This  patient  had  been  an  inmate  of  the  hospital  more  than  a  year 
and  had  shown  no  previous  Bigns  <>f  pellagra.  The  attack  was  verj 
and  ended  fatally.  The  Becond  case  developed  Dec.  31,  1911,  at  the 
Jacksonville  State  Hospital.  This  man  had  also  been  in  the  hospital  for 
over  a  year.  Profi  i  Hbes  informs  us  that  the  latest  date  on  which 
adult  simulia  have  been  captured  in  Hlinois  is  Oct.  24.     It  would  there- 


8.   Brit.  Med.  Jotir.,  1005, 
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fore  be  necessary  to  concede  an  extremely  long  incubation  period  in  order 
to  explain  these  cases  on  the  theory  that  the  causa  morbi  is  borne  by 
these  insects. 

PREVENTION 

This  discussion  would  not  be  complete  without  consideration  of  the 
problem  of  prevention.  The  evidence  seems  conclusive  that  poor  nutrition 
is  an  important  factor  in  predisposing  to  the  disease,  although  we  fully 
admit  and  can  confirm  the  occurrence  of  pellagra  in  persons  well 
nourished  and  apparently  robust.  The  investigation  of  the  dietaries  of 
the  state  institutions  reveals  no  defect  in  quality  or  quantity.  There  does, 
however,  seem  to  be  a  low  animal  protein  content.  The  Italian  peasantry 
have  suffered  more  from  pellagra  than  any  other  people,  and  their  diet 
consists  almost  exclusively  of  maize  in  the  form  of  polenta.  They  eat 
practically  no  meat,  fish,  milk  or  eggs.  In  fact,  it  may  be  said  that  meat 
becomes  a  luxury  in  all  conditions  of  poverty.  Maize  has  a  large  protein 
value,  but  this,  apparently,  cannot  satisfactorily  take  the  place  of  animal 
protein  altogether.  It  may  be  then,  that  conditions  in  which  the  animal 
protein  content  of  the  diet  is  low,  constitute  a  predisposing  factor  to 
infection  with  pellagra.  In  making  this  suggestion,  we  emphatically  do 
not  wish  to  be  misunderstood.  The  dietaries  of  the  state  hospitals  in 
Illinois  are  fully  up  to  the  usual  standards  in  such  institutions  elsewhere 
and  we  do  not  consider  that  pellagra  is  due  to  lack  of  food  or  even  to 
deficiency  in  any  particular  constituent  of  the  food.  Our  impression  is 
rather  that  pellagra  is  due  to  infection  of  the  body  with  some  micro- 
organism. It  does  seem  possible,  however,  that  a  diet  deficient  in  animal 
protein  may  so  alter  the  body  that  the  infecting  organism  has  a  better 
chance  to  grow. 

CONCLUSIONS 

In  closing  this  report  we  feel  that  certain  conclusions  are  advisable 
for  the  purpose  of  representing  our  views  on  the  lines  which  should  be 
followed  in  further  studying  and  dealing  with  this  problem.  They  are 
purposely  expressed  in  somewhat  general  terms. 

1.  Pellagra  is  a  disease  due  to  infection  with  some  living  micro- 
organism. 

2.  A  possible  habitat  for  this  parasite  in  man  is  the  intestinal  canal. 

3.  Deficient  animal  protein  in  the  diet  may  constitute  a  predisposing 
factor  in  the  contraction  of  the  disease. 

4.  The  number  of  cases  of  known  pellagra  renders  this  disease  a 
decided  menace  to  the  public  health  of  this  state. 

5.  Careful  search  for,  and  investigation  of,  suspected  cases  outside 
the  state  hospitals  for  the  insane  is  extremely  desirable  in  view  of 
experience  elsewhere. 


THE  EFFECT  OF  THE  TCBERCULO-TOXIX  OX  THE 
ADBENAL  FUNCTION  ::: 

L.  H.  NEWBURGH,  Boston  and  T.  B.  KELLY,  I  iminnati 

The  following  work  Mas  undertaken  for  the  purpose  of  producing 
an  experimental  chronic  insufficiency  of  the  adrenal  glands.  It  was 
then  our  intention  to  study  this  experimental  insufficiency  in  relation 
to  the  other  glands  of  internal  secretion,  and  to  compare  it  with  the 
clinical  picture  of  Addison's  disease. 

Thus  far  all  experimental  work  has  resulted  only  in  an  acute  insuffi- 
ciency of  the  adrenal  function.  Excision  of  the  glands  is  followed  by 
death  in  two  or  three  days.  It  was  accordingly  necessary  to  devise  some 
means  of  slowly  but  progressively  injuring  the  function  of  the  glan  Is. 
For  this  purpose  it  was  decided  to  try  the  injection  of  tuberculin  over 
long  periods.  Tuberculin  was  selected  because  of  the  evidence  presented 
by  certain  workers  in  this  field  that  chronic  tuberculosis  cause-  a 
sclerosis  and  atrophy  of  the  adrenal  gland-. 

Bernard  and  Bigard1  have  found,  in  the  adrenals  of  the  tuberculous, 
a  sclem-  causing  lobulation  of  the  glands. 

especially  manifest  in  the  cortex,  but  also  invading  the  medulla.  This 
can  go  on  to  complete  atrophy  in  cases  of  intense  sclerosis.  Pafrisot 
and  Lucien2  have  Bhown  that  the  extract-  of  the  adrenals  of  persons 
dying  of  chronic  tuberculosis  have  a  less  intense  hypertensive  action 
than  those  of  normal   extracts.      Boinet8  Btates  that  cases   of  adrenal 

rosis  are  more  numerous  than  primary  tuberculosis  or  cancer  of 
adrenal-;    and    that    this    condition,    with    or   without    mclanodrrniir.    i- 

common  in  the  course  of.  or  at  the  end  of.  pulmonary  tuberculosi 
above  mentioned  workers  believe  thai  the  anatomical- and  physiologi 
changes  noted  by  them  resulted  from  the  action  of  the  tuberculo-toxin. 


From  the  Joseph  ESichberg  Laboratory  of  Physiology,  University  of  I  Lncinnati. 

I.   Bernard,  L.,  and  Bigard:     Lea  pro<  gtoires  dans  la  substance  cor- 

ticale  de  la  glande  surrenale.  Compl  rend.  Soc.  de  biol.,  1905,  li\.  504  (quoted 
by  Boinef ) . 

_'.  Pariset,  J.,  and  Lucien,  of.:  Etude  physiologique  >■(  anatomique  dea  capsules 
Burrenale  chez  les  tuberculeux  Reunion  biologique  de  Nancy,  1907,  Ixiii,  525 
(quoted  by  Boinel  I . 

::.  Boinet,  E. :  Opotherapie  Surrenale  dans  la  maladie  d'Addison.  Bull,  de 
l'  ^cad.  dc  M.'.l  .  Paris,  1909,  Beries  3,  Ixii,  154. 
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It  seemed  reasonable  to  assume  that  Koch's  old  tuberculin4  contained 
these  toxins;  and  that  if  the  changes  described  by  Bernard  and  Bigard, 
Parisot  and  Lucien,  and  Boinet,  were  caused  by  products  resulting 
from  the  growth  of  the  tubercle  bacillus  in  the  human  body,  we  might 
expect  to  produce  similar  effects  by  injecting  tuberculin  into  rabbits.  It 
was  thought  better  to  use  tuberculin5  rather  than  to  inoculate  the  animals 
with  living  bacilli  because  in  the  former  case  we  could  regulate  the  dose 
and  because  we  could  be  sure  there  were  no  tubercle  bacilli  in  the  adrenal 
glands. 

Our  experimental  procedure  was  as  follows :  We  employed  two  series 
of  animals.  In  the  first  series  we  started  with  very  small  doses  of 
tuberculin  in  order  not.  to  kill  the  rabbits  should  they  develop  the  signs 
of  a  toxemia.  The  first  injections  were  0.01  gm.  repeated  daily.  No 
evidence  of  disease  being  noted,  we  gradually  increased  the  dose  up  to 
0.10  gm.  In  the  second  series  the  dose  throughout  was  0.10  gm.  In 
no  case  did  the  animals  show  any  of  the  symptoms  of  a  toxemia.  They 
did  not  lose  weight  or  strength,  remained  lively  and  ate  well.  In 
several  instances  they  gained  weight. 

The  two  functions  of  the  adrenal  secretion  which  are  most  firmly 
established,  are  the  glycogenic  and  the  pressor.  It  has  been  shown  by 
Porges6  and  others  that  persons  suffering  from  Addison's  disease,  and 
dogs  from  whom  the  adrenals  have  been  excised,  have  an  amount  of 
glucose  in  the  blood  far  below  the  normal.  Subcutaneous  injections  of 
adrenalin,  on  the  other  hand,  cause  a  transient  hyperglycemia.  A  low 
blood-pressure  occurs  in  the  great  majority,  and  perhaps  in  all  cases 
of  true  Addison's  disease.  Injections  of  minute  doses  of  adrenalin,  on 
the  other  hand,  cause  a  sharp  rise  in  blood-pressure. 

In  order  to  find  whether  we  had  interfered  with  or  destroyed  the  func- 
tions of  the  adrenal  glands  in  our  animals  we  in  the  first  place  compared 
the  percentage  of  glucose  present  in  the  arterial  blood  of  rabbits  which 


4.  Koch's  old  tuberculin  (H.  K.  Mulford  &  Co.)  is  prepared  as  follows: 
Tubercle  bacilli  are  grown  on  glycerated  broth  for  from  thirty  to  sixty  days. 
The  culture  is  then  poured  into  flat  dishes  and  evaporated  to  one-tenth  its  original 
bulk  over  live  steam.  The  filtrate  from  this  concentrated  broth  is  the  finished 
product. 

5.  Concentrated  old  tuberculin  was  mixed  with  a  sufficient  amount  of  0.9  per 
cent,  salt  solution  to  give  the  desired  dilution.  One  c.c.  of  this  solution  was 
received  into  each  of  a  series  of  ampoules;  the  latter  were  sealed  and  submerged 
in  water;  the  water  was  boiled  for  five  minutes.  It  was  found  necessary  in  the 
absence  of  a  preserving  fluid  to  take  these  precautions  in  order  to  maintain 
sterility. 

6.  Porges,  O. :  Zur  Pathologic  des  Morbus  Addison.  Ztschr.  f.  klin.  Med.,  Berl., 
1910,  Ixx,  243. 
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had  received  injections  of  tuberculin  over  a  long  period  of  time  with  that 
found  in  normal  rabbits.7 

A  striking  decrease  in  the  glucose  content  of  the  blood  was  found. 
In  Babbit  XXIII,  after  4.55  gm.  of  tuberculin  had  been  given  in  the 
course  of  four  months:  and  in  Rabbit  XXXV,  after  7.1  gm.  had  been 
given  in  the  course  of  three  months,  the  glucose  was  present  in  such 
minute  amounts  that  no  test  with  Fehling's  solution  could  be  obtained. 
It  is  interesting  to  note  that,  in  these  same  rabbits,  there  was  no  definite 
hypoglycemia  after  Babbit  XXIII  had  received  0.81  tuberculin  in  the 
course  of  three  month-,  and  after  Babbit  XXXV  had  received  3.1 
tuberculin  in  the  course  of  one  month  and  a  half.  In  another  rabbit. 
No.  XXV,  after  4.31  gm.  tuberculin  had  been  given  in  the  course  of 
four  months,  an  infinitesimal  amount  of  glucose — 0.006  per  cent. — was 
found.  This  rabbit  after  receiving  ".>]  gm.  of  tuberculin  in  the  course 
of  two  months,  showed  a  blood  sugar  content  which  equaled  about  50 
per  cent,  of  the  normal.  Babbit  XXXIY,  after  7.1  gm.  of  tuberculin  in 
the  course  of  three  months  showed  less  than  half  of  its  normal  percentage 
of  glucose.  It  would  seem  that  the  total  length  of  treatment  was  a 
more  important  factor  in  determining  the  decrease  in  the  blood  sugar 
content  than  the  total  amount  of  tuberculin  injected.  The  accompanying 
table  shows  clearly  the  effect  of  tuberculin  on  the  per  cent,  of  glucose  in 
the  blood. 

In  the  next  place  we  employed  a  method  described  by  Cooke8  to  find 
whether  we  had  interfered  with  the  pressor  function  of  the  adrenal 
glands  in  our  experimental  animals.  Cooke  wished  to  compare  the 
pressor  effect  of  the  adrenals  of  a  person  dying  of  tuberculosis  o'f  the 


7.  The  method  used  for  determining  the  percentage  of  glucose  in  the  blood  was 
aa  follows:     An<  twenty-four  hours,  the  rabbit  was  etherized,  the  carotid 

artery  dissected  free  and  bled  into  a  50  c.c.  volumetric  flask  containing  •">  c.c.  of  a 
2  per  cent,  ammonium  oxalate  solution,  until  the  flask  was  aboul  three-fourths 
full.  Distilled  water  was  then  run  into  the  i!;isk  from  :i  buret  up  to  the  I 
mark;  th"  amounl  of  water  used,  noted,  and  this  plus  5  subtracted  from  50  to 
line  the  amounl  of  blood  obtained.  To  200  c.c.  of  ;i  2- per  cent.  Bolution  of 
!li  I  and  200  cent,  solution  of  Hg<  I  .  contained  in  a  500  c.c.  graduate, 

the  contents  of  the  flask,  and  enough  water  to  make  500  c.c.  were  added  and  the 
filtered.  EjS  was  passed  through  the  filtrate  until  a  black  precipitate  was 
obtained  and  this  was  then  filtered  and  the  amounl  of  filtrate  noted.  From /this 
the  proportion  of  the  original  600  c.c.  remaining  as  filtrate,  and  bo  tin"  proportion 
of  the  blood  it  contained,  was  calculated.  The  filtrate  was  neutralized  with  NaOB 
and  evaporated  t<>  aboul  J"»  c.c.  Fehling's  Bolution  was  added  in  excess.  The 
resulting  precipitate  was  collected  on  an  ash-free  filter  paper,  washed  until  no  reac 
ti  m  for  sulphate  ained,  dried,  ignited  in  :i  weighed  porcelain  crucible  and 

weighed.    This  gives  the  weighl  <>f  the  CuO  thrown  down  by  the  glucose,     From 

this  the  amounl  i"  'I riginal  volume  of  blood,  and  bo  the  percentage, 

Iculated. 

.1.  v.:   8om<    Observations  on  i ti--  Bloi  ire-Raising  Substance 

of  the  Adrenals  in  Acute  Adrenal  [nsufflciency.    Thi     taCHrvES  l\i.  Med.,  1912, 
ix,  108. 
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adrenals,  with  that  found  in  human  beings  dying  of  some  other  disease. 
Tie  found  that  the  diseased  portions  of  the  tuberculous  adrenals  caused 
no  rise  in  the  blood-pressure  tracing  of  a  dog.  whereas,  the  extract  of 
the  "normal"  adrenals  caused  a  rise  quite  similar  to  that  produced  by 
injection  of  adrenalin.  A  "normal"  rabbit  was  etherized,  the  carotid 
artery  exposed  and  connected  with  a  writing  lever  through  a  mercury 
manometer.  The  rabbit's  normal  pressure  was  written  on  a  kymograph. 
One  of  the  "treated"  animals  was  killed,  the  adrenal  glands  removed, 
ground  in  a  mortar  with  sand  and  ten  volumes  of  salt  solution  added,  and 
centrifugalized.  A  portion  of  the  supernatant  fluid  was  injected  into 
the  ear  vein  of  the  ••normal**  rabbit.  It  will  be  seen  (Figures  1  and  2), 
that  a  sharp,  marked  rise  occurred  very  quickly.  We  must  conclude 
from  these  tracings  that  the  pressor  function  of  the  adrenal  secretion 
had  either  been  interfered  with  very  slightly  or  not  at  all. 


Fig.  1. — Effect  nil  blood-pressure  of  experimental  injection  of  extract  of  adrenal 
gland  in  a  rabbit:  A.  Intravenous  injection  of  2  c.cm.  of  the  extract  of  the  adrenal 
glands  of  Rabbit  No.  XXXV.  B.  Intravenous  injection  of  2  c.cm.  of  normal  salt 
solution.  C.  Intravenous  injection  of  1  minim  of  adrenalin  (P.  D.  &  Co.).  The 
marked  pressor  effect  of  the  adrenal  extract  is  apparent.  This  animal's  blood  con- 
tained so  little  glucose  that  no  precipitate  with  Fehling's  solution  could  be 
obtained. 


If  we  now  try  to  interpret  our  findings,  we  would  say  that  the 
marked  hypoglycemia  produced  would  strongly  suggest  that  an  extreme 
degree  of  functional  insufficiency  of  the  adrenal  secretion  had  been 
brought  about.  On  the  other  hand,  such  a  conclusion  is  not  warranted, 
in  the  face  of  the  fact  that  the  pressor  function  remains  intact  and 
that  none  of  the  Addisonian  symptoms  were  noted.  Most  of  the  data 
at  our  disposal  lead  us  to  believe  that  the  glycogenic  and  pressor  func- 
tions go  hand  in  hand — that  no  marked  alteration  occurs  in  the  one 
without  affecting  the  other.  In  Addison's  disease  we  find  not  only  a 
hypoglycemia  hut  also  a  low  blood-pressure.  After  injection  of  adrenalin 
we  get   not  only  a  hyperglycemia  but   also  an   increased   blood-pressure. 

The  evidence  which  might  he  presented  to  show  that  changes  can 
occur  in  the  glycogenic  function  without  involving  the  pressor  function 
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and  vice  versa,  is  not  of  a  very  convincing  nature.  Shur  and  Weisel,9 
Goldzieher  and  Molnar.1"  and  Goldzieher11  have  tried  to  prove  that  the 
blood  of  chronic  nephritics  contains  an  excess  of  adrenalin;  and  they 
have  attributed  the  high  blood-pressure  found  in  this  disease  to  the 
action  of  this  excess.  It  this  were  a  fact  we  should  have  an  example 
of  a  pressor  effect  without  a  corresponding  glycogenic  one.  But  O'Con- 
nor.12 Broking  and  Trendelenburg,13  and  Falta  and  Flemming14  have 
shown  that  the  methods  used  for  determining  the  amount  of  adrenal 
secretion  present  in  the  blood  serum,  are  faulty:  and  that,  consequently, 
the  conclusions  based  on  these  methods  are  not  tenable.  Falta15  has 
suggested  that  human  diabetes  mellitus  might,  in  certain  instances  be 
the  result  of  overfunction  of  the  adrenal  glands.  If  such  were  the  casi 
this  would  serve  as  an  example  of  a  glycogenic  effect  without  a  corres- 
ponding pressor  effect.  But  we  have  no  direct  evidence  in  support  of 
Fa  Ira's  hypothesis. 


Fig.  2. — Effect  on  blood-pres-nre  of  experimental  injection  of  extract  of  adrenal 
gland  in  a  rabbit:  A.  Intravenous  injection  of  0.8  c.cm.  of  the  extract  of  the 
adrenal  glands  of  Rabbit  Xo.  XXXIV.  B.  Intravenous  injection  of  1.6  c.cm.  of 
normal  salt  solution.  The  marked  pressor  effect  of  the  adrenal  extract  i^  appar- 
ent. This  animal's  blood  showed  a  more  than  50  per  cent,  reduction  in  the  glucose 
content. 


9.  Schur.    H.,    and   Weisel.   J.:    Beitrage   znr    Physiologie   und    Pathologie   des 
chromaffinen   Gewebe^.      Wien   klin.   Wchnschr..   1007.   xx.    1202. 

10.  Goldzieher.  M.,  and  Molnar.  B. :  Beitrage  znr  Frage  der  Adrenalinamie, 
Wien.   klin.  Wchnschr.,   1908,  xxi.  215. 

11.  Goldzieher,  M.:  Beitrage  zur  Pathologie  der  Nebennieren.  Wien.  klin. 
Wchnschr..   1910,  xxiii,  son. 

12.  O'Connor.  J.  XL:  Ueber  Adrenalinbestimmung  im  Blute.  Miinchen.  med. 
Wchnschr.,  mil.  Iviii.  1439. 

13.  Broking,  E..  and  Trendelenburg.  P.:  Adrenalinnachweis,  und  Adrenalin- 
gehalt  des  menschlichen  Blntes.     Dentsch.  Arch.  f.  klin.  Med.,  1011.  ciii,  168. 

14.  Falta.  W..  and  Flemming.  G.  B. :  Ueber  die  Wirkung  des  Adrenalins  und 
Pituittins  anf  den  iiberlebenden  Kaninchenuterus  und  iiber  die  Verwertbarkeit  der 
Uterusmcthode  fur  den  Adrenalinnachweis  im  Serum.  Miinchen.  med.  Wchnschr., 
l'.Hl.  Iviii.  2649. 

15.  Falta,  W.:  Ueber  die  Gesetze  der  Zuckerausscheidung  beim  Diabetes  mellitus. 
Ztschr.   I.  klin.  Med..  Berl.,  1908,  lxv.  300. 

16.  Fischer,  Martin   EL:      Personal  communication. 
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Martin  II.  Fischer18  has  suggested  that  our  findings  might  be 
explained  on  the  basis  of  fever  produced  by  the  tuberculo-toxin  which 
so  increased  the  carbohydrate  metabolism  of  the  rabbil  thai  there  was 
produced  within  the  organism  a  greai  reduction  of  the  glycogen  content. 
Tins  explanation  might  be  possible  bu1  it  seems  to  us  thai  such  marked 
reduction  in  the  amounl  of  glycogen  as  would  be  required  to  produce 
such  results  as  were  obtained  in  Rabbits  Will.  \.\V  and  XXXY  musl 
oecessaril}  be  accompaned  bj  some  of  the  sj'mptoms  of  infection  such  as 
loss  of  appetite,  loss  of  weight,  languor  and  weakness;  Done  of  which 
occurred  as  ma\  be  seen  by  consulting  the  table.  Rabbil  XXXV  losl 
||. 1  kilos  bu1  this  is  explained  by  the  fad  thai  it  was  weighed  for  the 
first  time  very  near  the  end  of  pregnancy.  Rabbits  XXIII  and  XXXIV 
maintained  a  constanl  weigh!  and  Rabbil  XXV  gained  0.3  kilos.  Ai 
no  time  during  the  course  of  our  experiments  did  any  of  thesi  rabbits 
show  any  sign  or  -\  mptom  of  disease. 

h  is  impossible  in  the  preseni  state  of  our  knowledge  to  give  a 
eatisfactor)  explanation   for  the   results  we  have  obtained. 


I'liiil I  s 

Pbot< 23.      Belgian   hare.     Male,    1.9  kilos.     From  June   II.    1911,  t>>  Julj 

9,  1911,  fifteen  subcutaneous  injections  of  tuberculin,  0.01  gm.  ai  cadi  injection. 

From  Julj    II.   Mill.  i«.  Julj   17.  1911,  nine  injections  of  tuberculin.  0.02  gm 
;it  each   injection. 

From  July  28,   1911,  to  Augusl    _".>.    1911,  twelve  injections  of  tuberculin,  0.06 
gm.  .' '   each  inject  ion. 

From  Augusl  30,  1911,  to  the  end  of  the  experiment   November  5,  1911,  thirtj 
fivi    injections  of  tuberculin,  0.10  gm.  ai  each  injection. 

Augusl    13,  1911,  blood  from  righl  carol  id  arterj  showed  0.130  per  cent,  glucose. 

October  22,    1911,   blood   from   lefl   carotid   arterj    showed    no  precipitati    with 
l  i  hiing'a  solution. 

Protocol  24.     Black  and  white  rabbit.     Male.  2.6  kiln-. 

June  14,   I'M  I .  blood   from  righl  carotid  arterj   showed  0.150  per  cenl  glucose. 
No  further  observal  ion. 

Pa i    25.     W  bite   rabbit.     Male,   1.0  kilos. 

I  rom  June  23,  1011,  to  July  '•'.  1011,  nine  injections  of  tuberculin,  0.01  gm,  ai 
eai  li  in.jri  i  ion. 

From  Julj    II.   1011,  to  Julj   27,   1011,  nine  injections  qf  tuberculin.  0.02  ;m. 
.it  each  injeel  ion. 

From  Julj   30,   1911,  t"  Augusl  29,  1011,  fourteen  injections  of  tuberculin.  0.0(1 
gm    ;ii  each  injection,  •  <■ 

\  1 1  ■_•  1 1  - 1    10,  1011,  blood  from  righl  carotid  arten   shows  0.082  per  cent,  glucose 

From  Septembei   2,  1011,  t"  November  •">.   1011.  thirtj  nine  injections  of  tubei 
iiilin.  0.  Hi  gm.  al  each   in  jeel  ion. 

October  20,  1911,  blood  from  left  carotid  arterj   shows  0.006  per  cent,  glucose. 

December  10,  1911,  thirtj  Ave  days  aftei  the  lasl  injections  of  tuberculin,  bl I 

n femoral  arterj   shows  0.094  i"'i  cent,  glucosi 

Proto«  "i   30.     v*  bite  i  abbit.     Female,  2.0  kilos. 

Bl I    from   righl    carotid   arterj    shows  hums   p,.,    ,,ni     glucose.     No   furthei 

obsen ;ii  ion. 

Proto(  <>i    3  i      w  bite  rabbit.     Male,  2.7  kilos 

December  23,   1911,  blood  from  righl  carotid  arterj   shows  0.133  pel   cenl    glu 
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December  28.  1911,  t<>  April  14.  1912,  ninety  injections  of  tuberculin.  0.10  gm. 
at  each  injection. 

April  1.  1912.  blood  from  left  carotid  artery  shows  0.061   per  cent,  glucose. 

April  15.  1912.  animal  killed  by  a  blow  on  the  head.  Adrenal  glands  removed 
and  macerated  in  salt  solution;  2  c.c.  injected  into  the  ear  vein  of  a  normal  rabbit 
writing  blood-pressure  as  shown  in  Fig.  2. 

Protocol  35. — Black  and  white  rabbit.  Female.  2.0  kilos.  January  S.  1912. 
to  April  6.  1912.  seventy-five  injections  of  tuberculin.  0.10  gm.  at  each  injection. 

January  24.  1912,  a  litter  of  four  born  dead. 

February  16,  1912,  blood  from  right  carotid  artery  shows  a  definite  glycemia. 
Precipitate  lost. 

April  2.  1912.  blood  from  left  carotid  artery  shows  no  precipitate  with  Fehling's 
solution. 

April  7.  1912.  animal  killed  by  a  blow  on  the  head.  Adrenal  glands  removed 
and  macerated  in  salt  solution.  Two  c.c.  injected  into  the  ear  vein  of  a  normal 
rabbit  writing  blood-pressure  as  shown  in  Fig.  1. 

416    Marlborough    street — I  niversitv  of  Cincinnati. 


STUDIES    l\    AUSCULTATORY    BLOOD-PRESSURE 
PHENOMENA  ::: 

I.    THE   EXPERIMENTAL  DETERMINATION    OF   DIASTOLIC    PRESSURE 

i. ni  [S  \i.  w  \i;i'ii:i.i).  M.D. 

Mll.W  \l    KM  .    Wis. 

I  \l  lliihl  (   HON 

The  increasing  conception  of  the  importance  of  blood-pressure  deter- 
minations .'i-  aids  in  medical  diagnosis  has  led  to  considerable  work  <m 
tin's  subject. 

Since  Korotkoff,1  in  1905,  demonstrated  his  auscultatory  phenomenon 
-  een  a  gradual  adoption  of  this  method  following  the  recom- 
mendations of  workers  who  have  mad<  comparative  readings  with  this 
and  IJsko  "-  sphygmomanometer,  von  Recklinghausen's  tonometer  and 
Pa  '-  sphygmoscope.  As  there  seemed  -till  to  be  a  difference  of  opinion 
yarding  the  poinl  where  the  diastolic  pressure  should  be  read,  the 
,  ajorih  ol  German  authors  holding  thai  ii  should  be  read  ai  the  so-called 
fourth  phase  where  the  loud  sound  suddenly  becomes  dull,  the  Americans 
using  the  disappearance  of  all  sound,  the  fifth  phase,  as  diastolic  pressure 

ding,  an  attempi  was  made  to  settle  the  question  1>\  actually  recording 
i  r — n  h   and  sounds  simultaneously  on  i 


Till     DIASTOLK     PRESSURE    Wl>   ITS   DETERMINATION 

Howell   and    Brush2  were  the   firs!   to  sho^    experimental^    thai   the 
maximum  oscillations  of  a   lever  attached   to  a   mercury   column   corre 
sponded  to  i1  !<-  pressure.  This  was  further  delimited  1>\   Erlanger 

and  Hooker^8  who,  working  with  aormal  men  with  the  former's  instru- 
'  1.  showed  thai  the  poinl  wh(  re  diastolic  pressure  should  be  read  was 
at  the  sudden  diminution  of  the  size  of  the  maximum  oscillations.  In  ai 
elaborate  critical  review  of  the  literature  bearing  on  blood-pressure,  and 
particularly  diastolic  and  pulse-pressure,  with  the  relation  of  the  pu 
pressure  to  the  velocity  of  blood-flow,  1 1  n  •  \  concluded  thai  there  was  some 

itionshiD  between  ill"  velocity   of  M I  and  the  pulse-pressure  which 


1, ii,,    Physiologic  Laboratorj  of  the  1  niversitj  of  Wisconsin,  Prof.  J     \ 

I     jter,   I  n  1  • 

I.   Korotkoff:    Zur    Methodik   der    Blutdruckmessung,    Mitt.   d.   k.    mil.    1 1 

\i  ad    /11  St.  Petersburg,  1905,  \i. 

I    H0Well  and   Brush:     \  I  ritical   Kote  upon  <  linical   Methods  ol    Measuring 
Blood  Pressure    Boston    Med.  and  Surg.  Jour..  1901.  cxlv.  146 

.;.   Erlangei   and    Hooker:     \n   Experimental   Studj   of   Bl I-Pressure  and  of 

Pulse-Pressure  in   Man,  Johns  Hopkins  Hosp.   Rep.,   1904,  sii,   145. 
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could  be  expressed  as  velocity  =  pulse-rate  X  pulse-pressure.  They,  how- 
ever, were  careful  to  call  attention  to  several  modifying  factors,  but  on 
the  whole  they  thought  that  given  certain  constant  factors  all  of  which 
would  hardly  change  at  one  time,  the  relationship  between  pulse-pressure 
and  velocity  held  good.  Dawson  and  Gorham.4  in  an  experimental  study 
of  the  relationship  of  pulse-pressure  to  systolic  output,  conclude  that 
"under  normal  conditions  and  during  various  procedures  (namely,  stimu- 
lation of  the  vagus  centrally  and  peripherally,  saphenus  nerve  centrally, 
and  of  the  annulus  vieussentis,  intravenous  transfusion  of  0.7  per  cent, 
sodium  ehlorid  solution,  intra-arterial  transfusion  of  strong  carbonate, 
bleeding  and  asphyxia )  the  pulse-pressure  is  a  reliable  index  of  the 
systolic  output." 


Fig.  1. — All  figures  are  to  be  read  from  left  to  right.  The  top  line  records  the 
points  where  sounds  were  heard,  the  figures  above  the  short  vertical  lines  refer  to 
tones  (see  text).  Mx.  B.  P..  maximum  blood-pressure.  M.  B.  P..  minimum  blood- 
pressure.  P.  I!.,  pressure  bulb  recorder.  It  was  impossible  to  lower  and  raise  this 
bulb  by  hand  without  obtaining  the  great  irregular  oscillations  of  the  attached 
lever  above  the  mercury  manometer.     B.  L..  base  line. 


There  have  been  described  four  methods  of  estimating  the  diastolic 
pressure:  1.  The  oscillatory  (Janeway,  Masing).  2.  The  palpatory 
( Strasburger.  Hirschfelder).  3.  The  graphic  (v.  Recklinghausen, 
Erlanger).    4.  The  auscultatory  (Korotkoff). 

Korotkoff  in  his  original  communication  called  attention  to  the  fact 
that  the  diastolic  occurred  at  the  end  tone,  that  is,  at  the  point  where  the 
clear  third  tone  was  suddenly  replaced  by  a  dull  tone.  His  reasons  were 
theoretical. 


4.  Dawson  and  Gorham:     The  Pulse-Pressure  as  an  Index  of  Systolic  Output, 
Jour.  Exper.  Med.,  1908,  x,  4S4. 
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Fischer3  found  the  oscillator)  maximum  and  minimum  and  compi 
tin-in  with  the  auscultaton  maximum  and  minimum.  He  used  the  \. 
Recklinghausen  instrument.  He  found  that  in  150  cases  the  oscillator) 
and  auscultatory  minimum  were  equal  in  forty-seven  cases.  In  fifty-fivi 
the  "oscillatory  was  practically  equal  to  the  auscultatory,  1  to  ;!  nun.  Hg 
less,  negligible  values.  In  twenty-four  the  difference  was  i  to  6  mm. ;  in 
twelve  eases  12  to  16  nun.  In  102  cases  with  the  \.  Recklinghausen 
instrument,  therefore,  there  was  agreement  between  oscillatory  and  auscul- 
tatory minimum.  Fischer  arrived  at  the  conclusions  that  the  auscultatory 
method  of  measuring  blood-pressure  was  the  most  accurate  and  that  the 
diastolic  reading  occurred  .-it  tin  so-called  fourth  phase,  i.  e.,  when  the 
loud  ton<  of  the  third  phase  suddenly  becomes  dulled. 


1  ,;i  1 1  l  and   Manswetona6  compared  the  auscultaton    method  of  K t- 

koff  with  the  graphic  method  on  the  \.  Recklinghausen  tonjometer.    The) 

found  thai  the  onsel  of  th<    third  t was  coincidenl   with  the  greatesl 

oscillation  of  the  tonometer.     The)  stated  thai   the  auscultatory   method 

could  in.t  bi  applied  to  dogs,     h  is  no!  clear  in  their  description  jusl  whal 

,!  tli.-\  used  in  their  work  on  dogs.     The)  speak  of  a  physiological 


.-,  Fihcher,  J.:  Die  AuBkultatorinche  Blutdruckmessung  inn  Vergleich  mil  der 
oszillatoriHchen  von  Heinricli  von  Recklinghausen  und  iln  dureh  die  Phnsenbestim 
mung  bedingte  Wert.  Ztschr.  i.  diatel    u    phyirik.  Therap..  1000.  xii,  380 

ii.   Lang  and  Manawetona:  55ur  Methodik  del   BIutdruckmesBung  nnch  v.  Reck 
linffhausen  und   Korotkoff,   Deutscli     ^rch,  f.  klin    Med..    1008,  \.iv.    HI. 
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and  clinical  method  and  say  that  they  had  success  in  dogs  only  with  the 
oscillatory  method.  From  their  experiments  they  concluded  that  the 
diastolic  pressure  was  coincident  with  the  change  from  the  greatest  <>scil- 
lation  to  one  definitely  smaller. 

The  diastolic  pressure  is  not.  according  to  them,  to  he  taken  when  the 
oscillations  are  largest,  but  at  the  place  where  the  greatest  oscillations 
hecome  suddenly  smaller  or  where  the  ordinary  loud  tone  gives  place  to 
a  dull  tone.  viz..  at  the  so-called  fourth  phase  (Ettinger7). 

At  tlie  moment  when  one  notes  the  first  decrease  in  size  of  the  greatest  oscilla- 
tions, the  Korotkoff  tone  becomes  suddenly  weaker,  then  soon  ceases,  or  suddenly 
the  tone  vanishes  entirely.  This  first  decrease  in  size  of  the  largest  oscillations 
ami  the  first  dulling  of  Korotkoff's  end-tone  marks  t lie  diastolic  pressure  and  not 
the  end  of  the  large  oscillations  and  t lie  complete  disappearance  of  all  sound 
phasi  s. 


iuUMMtfUftMtttttfUft 


Fig.  3. — Tracing  of  auscultatory  phenomena  See  explanation  in  legend  of 
Figure  1. 

Erlanger8  demonstrated  with  his  instrument  that  by  the  method  of 
continuous  escapement  the  diastolic  pressure  was  at  a  point  where  the 
maximum  oscillations  suddenly  became  smaller.  His  readings  were  within 
5  mm.  of  the  actual  diastolic  pressure.  By  means  of  the  intermittent 
escapement  he  obtained  records  showing  this  same  point.  He  made  an 
artificial   circulation    schema    using   among   other   materials    a    piece    of 


7.  Ettinger:    Die   auscultatorische   Blutdruckmessung   nacli    Korotkoff,   Wien. 
klin.  Wehnschr..   1907,  xx.  992. 

8.  Erlanger.  J.:   A  New  Instrument   for  Determining  the  Minimum  and  Max- 
imum Blcod-PresMire-  in  Man.  Johns  Hopkins  Hosp.  Rep..  L904,  \ii.  ")."'>. 
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recently  removed  artery  which  was  placed  in  a  plethysmograph  ami  eon- 
aeeted  with  a  manometer  and  with  a  pressure  bottle.  He  proved  that  the 
diastolic  pressure  was  coincident  with  the  greatest  expansion  of  the  arter\ 
and  he  noticed  that  when  the  arter}  «;i>  expanding  to  it-  fullest  extent  at 
everj  pulsation  there  was  a  clicking  tone  produced.  Van  Westenrijk8 
math'  comparative  readings  with  the  auscultatory  method  and  the  I  skov 
sphygmomanometer  and  with  Pal's  sphygmoscope.  tie  considered  that  his 
experiments  showed  thai  the  greatesl  excursions  of  the  lever  of  dskov's 
instrument  and  the  greatest  oscillations  of  Pal's  instrument  were  coinci- 
dent with  the  second  clear  tunc  heard  with  the  stethoscope  (the  third 
phase).  He  found  thai  the  sudden  fall  in  maximum  excursions  was  very 
oeaT  or  at  the  disappearance  oJ  all  tone  in  the  majority  of  cases  studied. 


m 
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I  ig  i.  Tracing  of  auscultatorj  phenomena.  See  explanation  in  legend  ol 
I  igure  L 

Hirschfelder10  mentions  some  determinations  made  at  the  Johns 
Hopkins  Hospital  with  the  Erlangei  instrument  and"  the  auscultatory 
method  which  seemed  to  shovi  thai  the  disappearance^ of  all  sound,  the 
fifth  phase,  was  the  point  where  diastolic  pressure  should  be  read. 

Articles  in  American  literature  (Gittings,11  Goodman  afid  Howell*5) 
have  considered  the  disappearance  oi  all  sound  as  the  diastolic  pressure, 


g    \,in   Westenrijk,   N  :    I  ebei   die   Beziehungen  dei    Tonmethode  der   Bestim 

ng  defl   Maximal    und   Minimal  Blutdrucks  zu  den  Ubrigen   Methoden  und  liber 

lie   Bedeutung  diesei   Grossen,  Ztschr.  f.  Klin.   Med.,   1908,  Ixvi,    165. 
in.   Hirschfelder,   \.  D.:   Diseases  ot  the  Heart,  i 

11.  Qittings,   J.    C:     The     Auscultatory      Bl l-Pressure     Phenomenon,     lui 

\i:<  nivi  -    [NT.    Ml  D„    1910,   \i.    196. 

12,  Goodman    and     Howell:    The     ^uscultatorj     Bl I  Pressure     Phenomenon, 

i  nn     Pi  nna,   Med.   Bull.,   1910,  Kxiii,   169. 
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and  have  seemingly  ignored  the  most  important  of  the  German  articles. 
taking  Ettinger's  word  that  the  disappearance  of  all  sound  was  the  point 
where  the  diastolic  pressure  should  he  measured. 

EXPERIMENTAL   DATA 

The  problem  was :  Is  it  possible  to  use  the  auscultatory  method  to 
prove  experimentally  that  a  certain  change  of  tone  and  not  the  disappear- 
ance of  all  sound,  indicates  the  point  to  read  diastolic  pressure? 

Method  and  Apparatus. — Dogs  were  etherized  and  a  tracheal  cannula 
placed  in  the  trachea  connected  with  the  usual  ether  bottle.  It  was  aimed 
to  produce  uniform  narcosis  throughout  a  series  of  observations  on  a  dog. 
The  riofht  femoral  arterv  was  connected  with  a  mercury  manometer  the 


Fig.    5. — Tracing   of   auscultatory   phenomena.      See  explanation    in    legend   of 
Figure  1. 

lever  of  which  wrote  on  a  revolving  drum.  In  this  pressure  system  a 
Dawson  maximum  and  minimum  pressure  valve  was  introduced  so  that 
the  pressure  could  be  held  either  at  systolic  or  at  diastolic  pressure.  The 
left  femoral  artery  was  exposed  freely.  Poupart's  ligament  was  cut  so  as 
t<i  give  as  little  chance  as  possible  for  undue  compression;  at  first  the 
artificial  pressure  chamber  devised  by  Erlanger8  was  tried,  but  it  failed  to 
work.  Two  small  cups  1/2  inch  deep  were  made.  From  two  opposite  poles 
of  each  cup  tubing  led  off.  The  rim  of  each  cup  on  two  opposite  poles 
was  cut  out  a  trifle.     Rubber  dam  was  then  tied  over  each  cup  rather 
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looselv  and  this  was  connected  with  m  vessel  of  water  which  could  be  raised 
or  lowered,  and  to  ;i  mercury  manometer  which  recorded  the  pressun 
in  niiii.  of  Hg.  The  writing  lever  was  arranged  to  mark  at,  or  very  near, 
the  blood-pressure  marker.  A  tinier  on  the  base  line  and  a  lever  ati 
to  ;rki  \  which,  when  pressed,  made  a  mark  on  the  drum  record,  completed 
the  apparatus.  An  assistant  held  in  place  the  cups  one  above,  one  below 
the  artery,  another  manipulated  the  drum  and  the  pressure  bottle  and  I 
listened  over  the  femoral  artery,  distal  to  the  point  of  compression,  using 
oscope  with  a  small  bell.  Records  wi  re  made  with  descending  and 
as<  ending  pressure. 

A  typical  record  was  made  as  follows:   The  compression  chamber  was 
secureh  held  around  the  femoral  artery  and  the  stethoscope  placed  from 


;  cm.  below  on  the  skin  or  muscle  directh  over  the  artery.  The 
pressure  in  t h<-  bulb  was  now  raised  above  systolic  pressure,  the  drum 

d,  the  maximum  and  minimum  valve  turned  t"  minimum  and>he 
bulb  gradually  lowered.  It  was  impossible  to  lower  this  vessel  gradual!) 
wjthoul  giving  irregular  waves  on  tin  kymograph.  Without  being  able 
to  se<  ini\  back  was  to  the  drum)  I  pressed  the  marker  key  (the  line  al 
top  ol  all  records)  when  there  was  change  of  sound  and  called  the  diastolii 
when  I  heard  the  tone  change  al  the  time  the  kej  was  pressed.  The  object 
U;i-  to  find  if  a  certain  definite  chang  ol  tone  was  coincident  with  )!:'• 
diastolic  pressure.  When  the  line  made  b}  the  lever  of  the  pressure-bulb 
connection  crossed   thai  of  the  diastolic  pressure  il   was  thoughl   thai  a 
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change  of  tunc  might  occur  which  could  be  recognized  as  corresponding 

to  the  diastolic  pressure.  The  study  of  the  records  from  the  three  dogs 
shows  that  this  was  possible  both  with  ascending  and  descending  pressure. 
The  sounds  in  an  artery  of  a  dog  as  pressure  is  released  and  more  and 
more  blood  flows  through  the  compression  site  are  not  like  those  of  man. 
There  are  several  reasons  for  this.  In  the  tirst  place,  the  artery  (except 
in  very  large  dogs)  is  smaller  than  the  brachial  artery  of  man.  It  is 
known  that  the  Korotkoff  tones  cannot,  for  example,  be  heard  over  the 
radial  artery.  The  arterv  must  not  only  he  of  some  size,  but  it  must  be  so 
situated  that  the  stethoscope  bell  can  be  actually  placed   over  it  on  the 


Fig.    7. — Tracing    of   auscultatory    phenomena.      See   explanation    in    legend   of 
Figure  1. 


skin  without  compressing  the  vessel.  In  the  second  place,  the  femoral 
artery  is  almost  directly  in  a  line  with  the  aorta,  and  there  is  only  one 
large  branch  (the  internal  iliac)  which  receives  a  comparatively  small 
amount  of  blood.  The  velocity  in  the  femoral,  especially  when  there  is 
vasodilatation,  is  almost  equal  to  that  in  the  aorta.  The  tones  depend  on 
velocity  of  blood  flow  through  the  artery  for  their  production  (Fischer,3 
Ettinger.7  etc.).  Therefore,  in  an  anesthetized  dog  with  marked  vaso- 
dilatation there  may  be  a  sound  even  when  no  compression  i.-  made  on  the 
arterv.  comparable  to  the  sound  heard  in  aortic  insufficiency  in  man  when 
the  pulse-pressure  is  practically  equal  to  the  systolic  pressure.     In  the 
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third  place,  there  is  a  marked  vasodilatation  in  the  circulation  of  an 
etherized  dog,  the  peripheral  resistance  becomes  less,  the  systolic  pressur< 
is  .-it  ill-  same  time  raised  so  that  at  each  systole  of  the  heart  the 
rushes  into  a  partially  collapsed  vessel  and  distends  it  t<>  its  utmost. 
Erlanger8  has  already  shown  that  such  a  condition  produces  a  shock  and 
a  sound. 

E  ei     oi i'  the  three  dogs  showed  differences  of  tone  on  releasing  I 

compression  around   the  artery.     Ii   was  necessary   to  spend  some  time 

■  _■  the  quality  of  the  tones  in  order  to  determine,  (  1  )  the  chars 
of  the  tones  heard,  (2)  the  sequence  of  the  cycle  of  tones.     From  twel\ 
_  hteen  observal  ions  «  ere  made  on  each  di  g. 

Dog  I.-  May  17.  1912.  Fox  terrier  dog,  weighl  10  kilos.  With  pressure  rising 
from  0  Fig.  1),  the  firsi  tone  heard  in  this  dog's  femoral  artery  was  a  dull  tone 
which  exacth  rMrK--.iniinl.-ii  to  diastolic  pressure;  thai  is,  where  the  pressure  on 
the  arterj  equaled  the  minimum  pressure  in  the  other  femoral  artery.  This  dull 
tone  -""ii  gave  place  to  a  sharp  clear  tunc  ;it  mark  1.  There  was  then  a  series 
of  murmurs  to  I"-  heard  ending  in  a  tone  at  mark  ::.  somewhat  similar  to  the 
firsi  tone  heard. 

It  vvill  be  noted  thai  practically  all  tones  are  presi  nt  in  this  particular 
artery  although  it  was  extremely  diffieull  to  differentiate  them  on  accounl 
of  the  comparatively  Taint  sounds.     Onh   the  lower  and  upper  1  and  3 
asih  made  out.    On  the  records  the  position  of  2  was  variable     The 
firsi  dull  tone  occurred  ai  diastolic  pressure  in  this  series,  the  last  dull 
tone  occurred  a1  or  mar  sj'stolic  pressure.     In  the  second  series  from  the 
same  animal  two  figures  are  shown,     h  was  found  difficult  always  ti 
the  firsi  sound  at  systolic  pressure  by  the  decrease  of  pressure  corres 
continuous  escapement.    Thus  in  Figure  2  ii  is  seen  thai  th< 
mark  heard  is  ai  a  point  below  the  maximum  pressure,  whereas  the  second 

mark  records  the  change  of  to rresponding  to  the  change  in  man  from 

th"  third  to  the  fourth  phase,  and  the  third  mark  is  at  the  disappearanci 
of  all  s         -       i     ?  record  show  s  cl<  at  the  ch a  nge  of  tone  occurs 

practically   al  diastolic  pressure  and  the  disappearance  of  sound   is  well 
below  the  diastolic  pressure.  k 

I  ■    Figure  '■'<  of  this  series  a  slightly  «l  ifferenl  record  is  seen  where  the 
firsi    sound,    which    was   carefull}    listened    for,   occurred   'at    maxinrun 
pressure  and  again  the  change  from  sharp  to  'lull  oe<  urred  jus!  at  dit 
The  stethoscope   was   removed    before  all   sound   had   e< 
i  i-  thus  no  mark  for  the  disappearance  of  sound. 

This  animal  was  the  most  satisfactory  of  the  three,  as  there  was  the 
sharpest  differentiation  of  tl"1  Bounds  although  the  sounds  were  fain!  and 
absolute  quiei   was  necessan    in  order  t"  hear  them,  and  a   numb 
records  '■>  en  all  showed  the  same  correspondence  between  tin   chat 
the  sharp  t<>m-  to  the  dull  tone  ai  diastolic  pressure. 
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Doc;  2. — May   17.  1912.    Bitch,  weighing  11   kilos.    Fibure  i  is  a  typical  record 

among  a  number  taken  from  this  animal.  The  first  sound  heard  is  indicated 
at  the  mark  1  and  corresponds  to  maximum  pressure.  The  second  mark  was  at 
or  near  the  point  of  maximum  intensity  of  the  clear  sound.  This  suddenly  became 
dull  at  mark  3  which  i-  at  diastolic  pressure  and  at  mark  4  there  was  a  disap- 
pearance of  all  sound  below  maximum  pressure.  Xo  records  were  taken  from  this 
dog  with  ascending  pressure. 

D0G  3. — June  5.  1912.  Collie  weighing  20  kilos.  This  animal  did  not  prove 
very  satisfactory.  There  was  an  exceedingly  high  blood-pressure,  evidently  din- 
to  the  ether.  The  heart  though  normal  beat  powerfully  and  the  pulse-pressure 
was  130  mm.  Hg,  as  much  as  the  usual  maximum  pressure  It  was  impossible 
to  gei  a  disappearance  of  all  sound-.  However,  in  the  first  series  (Fig.  5  i .  as  an 
example,  the  first  change  of  tone  a-  t he  pressure  was  raised  from  0  is  seen  to  be 
directly  at  diastolic  pressure.  As  it  was  not  possible  to  raise  the  pressure  bulb 
up  high  enough  to  compress  the  artery  completely,  the  systolic  sound  could  not 
lie  obtained  from  any  of  the  record-. 

In  series  two,  of  which  Figure  6  is  an  example,  it  is  seen  that  the 
artery  was  no1  completely  compressed.  At  X  was  a  loud  sound  probably 
corresponding  To  the  third  in  man;  before  that  there  was  a  sound  murmur 
phase.  At  1  there  was  a  noticeable  sudden  dulling  of  the  tone  which 
gradually  faded  oil'  into  the  tone  heard  over  even  the  uncompressed  artery. 
It  is  ^-wn  that  this  mark  1  is  just  at  diastolic  pressure. 

It  lias  not  been  possible  to  carry  further  a  larger  seiies.  nor  does  ii 
seem  of  any  advantage,  since  the  three  animals  showed,  with  minor 
variation-  in  individual  times,  the  same  essential   features. 

summary 

There  are  auscultatory  tone  phases  in  the  femoral  arteries  of  dogs 
which  correspond  in  a  general  way  to  those  in  man.  The  systolic  pressun 
is  at  the  point  where  the  first  tone  is  heard  as  the  blood  rushes  under  the 
site  of  compression.  The  diastolic  pressure  is  not  at  the  point  of  dis- 
appearance of  sound  when  the  pressure  is  gradually  reduced,  or  at  a  point 
corresponding  to  that  (as  in  Dog  3).  but  occurs  when  the  first  dull  tone 
is  heard  following  a  loud,  sharp  tune. 

It  is  possible  in  dogs  to  measure  accurately  the  diastolic  pressure  by 
the  auscultatory  phenomena,  using  as  the  point  of  diastolic  measurement 
the  sudden  change  of  tone  from  the  maximum  sound  heard  to  a  dull 
sound.  It  is  therefore  concluded  that  the  point  where  diastolic  pressun 
should  ho  lead  is  at  the  tone  change  from  clear  to  dull,  not  at  the  point 
where  all  sound  disappears.  This  is.  as  a  rule,  an  appreciable  interval 
below  diastolic  pressure.  In  man  this  point  where  diastolic  pressure  should 
he  read  is  just  at  the  point  where  the  third  clear  tone  phase  suddenly 
becomes  a  dull  sound. 

The  author  wishes  to  express  his  thank-  to  Prof.  Eyster  and  to  Dr.  Meek 
without  whose  active  interest  and  cooperation  the  research  would  have  been 
impossible. 

Goldsmith   Building. 
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An   ; .  1  t «  1 1 ) ] 1 1        -     een    made    in    the    present    research    to   determine 

1 1;  of  i  ime  during  which  the  action  of  several  of 

the  digitalins  persists  after  the   introduction   of  suitable  doses  directly 

into   the  circulation,   with    the   hope  of   throwing   some    light    on    their 

ed  cumulative  ai  tion. 

One  finds  many  references  in  the  literature  to  this  so-called  cumulative 
action  of  the  digitalins,  bu1  there  have  been  few  investigations  of  ttfc 
phenomena  other  than  clinical. 

The  term  cumulation   i-  used  somewhat   loosely,  bul    it    is  generally 

understood  to  mean  the  action  which  is  manifested  rather  .suddenly  after 

•ntinued  use  of  doses  which  singly  do  no!  cause  perceptible  effects. 

Van  der  ETeide1  states  thai  Megevaud  was  the  first  to  study  this 
subject  b\  means  of  animal  experimentation  in  1  n 7 '. > .  Inn  the  research  was 
incomplete,  so  far  as  cumulation  was  concerned,  since  thai  investigator 
was  interested  mainly  in  the  histologic  changes  induced  in  certain  organs 
during  chronic  digitalis  poisoning. 

Schmiedeberg2  states   that    the   three  digitalis   principles,  digitalein, 

digitalin  and  digitoxin,  are  absoibed  with   relative  difficulty  and  slowly 

■  d,  and  on  th<  ?e  factors  the  so-called  cumulative  action  of  digitalis 

i-  dependent  in  pari  :  in  part  on  a  storage  of  the  active  substance  in  the 

-in    when    digitalis    is    used    for    prolonged    periods    during    renal 

disturbance. 

These  deductions  of  Schmiedeberg's  appear  t<>  be  based  on  theoretical 
considerations;  at  least,  I  am  nol  aware  of  am  experiments  on  which  they 
are  based  directly,  and  ''Main  of  the  digitalins  appear  to  be  excreted 
through  the  gastro-intestinal  trad  to  a  greater  cxteni  than  through  the 
kidm 


Read    in    the   Section   on    Pha  ■■>    and    Therapeutics   of   the    American 

Medical    Association,  ai    the  Sixty-Third    Annual   Session,   held   ai     Atlantic  '  ity, 
June,   1912. 

From   the   Laboratory    >'i'  Pharmacology,  Cornell    University    Medical  College, 
\i\\    ^  <  >i  k . 

The  expenses   <>i    this    investigation    were   borne   in   pari    bj    the  Therapeutii 

"li   Fund  "i   the  American   Medical   Association. 

I.   Van  dei    Heide:    Vrch,  f.  ex  per.  Path.  u.  Pharm.,  1885,  six,  127. 

■_'.  Schmiedeberg:    \<   li    I    exper.  Path.  u.  Pharm.,  1883,  svi,  I8fi 

3.   Hatchei  i    Am.  Joui .   Phvsiol.,   lOOfl.  sxiii,  303. 
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Van  der  Heide1  investigated  the  cumulative  action  of  helleborein 
after  injecting  it  subcutaneously  into  rabbits,  and  that  of  digitalin  and 
helleborein  administered  to  dogs  by  the  mouth  and  rectum,  and  sub- 
cutaneously. 

Owing  to  his  employment  of  these  several  modes  of  administration, 
and  of  varying  amounts  of  the  drugs  at  irregular  intervals,  and  even  of 
both  drugs  in  the  same  experiment,  in  some  instances,  it  is  difficult  to 
form  a  correct  opinion  of  the  value  of  the  conclusions  at  which  van  der 
Heide  arrived.  His  results  are  complicated  still  further  by  the  fact  that 
he  used  an  impure  digitalin,  which  consisted  of  digitalein  mainly,  and 
this  was  dissolved  in  a  3  per  cent,  infusion  of  digitalis  for  subcutaneous 
injection ;  hence  his  results  are  due  to  the  use  of  digitalis  rather  than  to 
true  digitalin,  in  those  experiments  where  helleborein  was  not  employed. 

Van  der  Heide  calls  attention  to  the  fact  that  the  word  cumulation 
indicates  that  the  phenomena  were  attributed  to  a  storage  of  the  active 
principles  in  the  organism,  but  he  remarks  that  the  earlier  writers  had 
no  very  clear  conception  of  the  method  by  which  storage  took  place,  and 
I  might  add  that  the  same  degree  of  uncertainty  still  exists. 

He  concluded  that  the  dog  and  rabbit  showed  cumulative  symptoms 
so  far  as  the  cardiac  effects  were  concerned,  and  habituation  on  the  part 
of  the  nervous  system. 

The  next  important  pharmacological  investigation  of  this  cumulative 
action  of  the  digitalins  was  made  by  Fraenkel,4  who  administered  several 
of  the  digitalins  to  cats  by  subcutaneous  injection  and  attempted  to 
'  observe  the  cumulation  by  means  of  the  slowing  of  the  pulse-rate,  by  the 
onset  of  gastro-intestinal  symptoms,  and  by  the  death  of  the  animal, 
following  the  repeated  injection  of  doses  which  were  individually  too 
small  to  produce  these  effects. 

Fraenkek's  conclusions  have  been  quoted  very  frequently,  but  I  believe 
that  he  made  important  errors,  and,  since  certain  of  his  statements  are 
irreconcilable  with  mine,  it  will  be  necessary  to  discuss  some  of  his 
experiments  later  in  connection  with  my  own. 

Cloetta5  tried  to  estimate  the  storage  of  one  of  the  digitalins  in  the 
hearts  of  frogs  and  rats  which  had  been  poisoned  with  large  amounts  of 
the  drug,  but  he  was  unable  to  detect  even  traces  of  the  poison  in  that 
organ. 

Schliomensun6  found  that  a  group  of  substances  (alcoholic  phos- 
phatids)  could  be  isolated  from  the  hearts  taken  from  the  human  cadaver 
and  from  the  dog,  and  that  these  substances  appeared  to  possess  an 
especial  capacity  for  combining  with  the  digitalins  chemically,  while  the 


4.  Fraenkel:  Arch.  f.  exper.  Path.  u.  Pharm.,  1903,  li,  84. 

5.  Cloetta  and  Fischer:  Arch.  f.  exper.  Path.  u.  Pharm.,  1906,  liv,  294. 

6.  Schliomensun:  Arch.  f.  exper.  Path.  u.  Pharm.,  1910,  lxiii,  294. 
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corresponding  fractions  obtained  from  the  livers  and  skeletal  muscles  had 
no  such  affinity. 

This  observation  of  Schliomensun's  would  seem  to  indicate  the  pos- 
sibility of  storage  of  the  digitalins  in  the  heart. 

Straub7  concluded  that  no  storage  of  ouabain  occurred  in  the  tissues 
of  the  heart,  as  a  result  of  his  perfusion  experiments,  in  which  he  found 
that  the  poison  could  be  washed  from  the  heart  before  it  stopped  beating 
by  merely  substituting  fresh  Ringers  solution  for  the  poisoned  per- 
fusion fluid. 

Lhotak  von  Lhota8  studied  chronic  digitalis  poisoning  induced  in 
rabbits  by  oral  and  subcutaneous  administration,  and  concluded  that 
rabbits  showed  cumulative  effects  up  to  the  tenth  day  of  the  poisoning, 
and  tolerance  thereafter. 

The  use  of  the  rabbit  for  this  typo  of  experiment,  and  the  employment 
of  the  digitalins  by  oral  and  subcutaneous  administration  for  these 
investigations  will  be  discussed  in  connection  with  my  own  results  with 
such  experiments. 

CAUSES  OF  ACCUMULATION,  SO-CALLED    r 

Absorption  and  excretion   play   an  important  role   in  the   so-called 
cumulative  actions  of  the  digitalins,  but  it  is  an  extraordinary  fact  that 
we  know  almost  nothing  about  either  of  these  processes,  except  thai  I 
rate  of  absorption  of  these  bodies  from  the  alimentary  tract  is  variable. 

One  finds  extremely  loose  statements  in  the  literature  concerning  the 
length  of  time  during  which  the  digitalins  remain  in  the  blood-si  nam 
after  their  introduction  into  the  circulation,  but  so  far  as  I  have  been 
able  to  learn  th<  Be  3tati  mi  ate  ipported  by  expi  rimental  evidi  i 

and  the  crude  attempts  made  by  van  der  Heide  i"  <l<tcct  the  digitalins 
in  the  <<  i  <1  the  circulating  blood  arc  hardly  worthy  <•!'  mention; 

but  tfce  matter  as  moh  importance  in  new  of  tin'  statement  i 

by  Straub,7  that  the  standstill  <>!'  (]].■  perfused  frog's  ventricle  depends 
on  the  concentration  of  the  poison  in  the  perfusing  fluid  ami  not  on 

J  amount  which  passes  through  the  In  art,  and  thai  during  perfusion 
no  storage  (in  the  common  acceptation  of  the  word")  takes  placi 
tissues  of  the  frog's  heart. 

It  may  \»-  Btated  here  thai  experimi  ots  .-till  in  progress  in  our  labora- 
tory show  thai  practically  all  of  a  fatal  dose  of  ouabain  leaves  the  blood- 
stream within  about  three  minutes  after  it-  injection  into  the  veins  of  m 

.  and  we  have  also  found  thai  ti^  cat's  hearl  is  poisoned  promptly 
when  ouabain  is  injected  in  extremely  dilute  solutions  (1-250,000)  at 
such  a  rate  that  its  dilution  in  tin'  blood-stream  musl  be  less  than  one  in 
five  hundred  million-  if  it  leaves  the  circulation  as  rapidly  under  i! 


7.  Btraubi   Biochem.  Ztachr.,  i!'l  l.  sxx, 

a  Lhota,  I..:  Arch.  inf.  «!(•  phann.  <■(  <!<•  therap.,  L910,  n\.  451. 
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conditions  as  it  does  when  it  is  injected  more  rapidly,  and  if  such  is  the 
case  there  can  be  little  doubt  that  the  action  of  ouabain  on  the  intact 
mammalian  heart  depends  on  the  total  amount  which  passes  through  the 
heart,  and  not  on  the  concentration  in  which  it  exists  in  the  blood,  for 
the  concentration  just  mentioned  is  vastly  less  than  that  which  Straub 
found  necessary  to  bring  the  perfused  frog's  heart  to  a  standstill. 

The  slowing  of  the  pulse-rate  and  the  cardiac  irregularity,  which  may 
be  induced  in  many  animals  by  the  continued  use  of  suitable  doses  of  the 
digitalins  have  been  utilized  by  several  observers  for  the  study  of  the  onset 
and  duration  of  the  digitalis  action,  but  it  is  true,  nevertheless,  that  the 
effects  of  digitalis  on  the  heart-rate  in  the  cat  are  quite  variable  and 
many  of  my  myographic  tracings,  taken  at  various  intervals  of  time 
following  the  intravenous  administration  of  large  doses  of  the  digitalins, 
give  no  visible  evidence  of  their  action  on  the  heart,  and  in  many  cases 
these  tracings  are  in  no  way  different  from  those  taken  from  normal 
animals;  but  it  is  impossible  to  suppose  that  the  digitalins  so  admin- 
istered have  produced  no  action  whatever,  though  the  effects  of  such 
action  are  not  perceptible  in  the  tracings. 

Even  in  those  animals  in  which  digitalis  causes  slowing  of  the  pulse 
rate,  that  effect  is  induced  only  after  the  administration  of  fairly  large 
doses.  If,  for  the  sake  of  illustration,  we  accept  25  per  cent,  of  the  fatal 
dose  as  the  minimum  amount  which  will  be  required  in  a  given  case  to 
slow  the  heart-rate  appreciably,  it  follows  that  this  effect  will  persist  only 
until  elimination  has  reduced  the  amount  in  operation  to  a  point  where 
it  becomes  ineffective,  at  which  time  even  a  small  dose  will  suffice  to  raise 
the  amount  in  operation  to  the  effective  point  and  slowing  will  be 
induced  again;  for  the  smallest  dose  which  produces  measurable  symp- 
toms must  consist  of  fractions  which  singly  are  insufficient  to  produce 
measurable  effects. 

This  latent  digitalis  action  often  escapes  attention  in  man  and  it  may 
then  become  the  basis  for  the  so-called  cumulative  action,  because  of  the 
small  additional  amount  of  the  drug  which  then  suffices  to  raise  the 
action  to  the  level  where  toxic  symptoms  are  manifested. 

This  is  understood  readily  when  one  remembers  that  the  full  thera- 
peutic effect  of  digitalis  is  separated  from  the  toxic  action  only  by  an 
imaginary  line. 

Briefly,  then,  one  may  investigate  the  so-called  cumulative  action  of 
the  digitalins  by  studying  their  absorption  and  excretion ;  by  determining 
the  length  of  time  during  which  these  principles  remain  in  the  blood- 
stream after  they  have  entered  the  circulation ;  he  may  study  the  question 
of  their  storage  in  the  tissues,  particularly  in  the  heart  and  nervous 
system;  he  may  attempt  to  determine  the  duration  of  action  by  observing 
the  objective  symptoms,  such  as  the  slowing  of  the  pulse-rate  and  the 
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cardiac  irregularity,  which  they  induce,  as   Fraenke]  did j  or.  he  may 

estimate  directly  the  degree  to  which  the  previously  administered  drug    - 
still  effective,  and  the  length  of  time  during  which  the  action  persis 

A-  a  matter  of  fact,  while  casting  about  for  the  best  means  of  irr.   - 
gating  the  subject  I  have  experimented  along  nearly  all  the  lines  just 
mentioned,  but  the  methods  which  I  have  employed  are  quite  differ 
from  those  used  previously,  and  the  results  of  these  investigations  will  be 
published  in  a  series  of  papers. 

In  the  research   with  which  this  paper  deals  T   have  attempted  to 
estimate  the  latent  action  of  the  digitalins  as  well  as  that  which  induces 
symptoms  which  are  readily  observed;  in  other  words,   1    lave  tried  to 
determine  the  length  of  time  during  which  the  action  of  a   - 
dose,  or  repeated  doses,  of  these  bodies  persists,  and  the  relative  inten- 
of  the  persisting  action  after  a  giveD  interval  of  time. 

TECIIXIC 

The  following  method  was  used  in  estimating  the  persistence  of  action 
of  the  digitalins  in  the  cat  and  dog  in  the  larger  number  of  experimi 
which  I  have  to  report: 

The  fatal  dose  of  the  digitalis  body  for  a  given  species  was  determined  in  a 
Beriea  of  experiments  in  which  the  drug  was  injected  slowly  and  continuously  from 
a  buret  into  the  vein-  of  the  animals  until  death  resulted  after  the  typical  symp- 
toms of  digitalis  poisoning 

Having  thus  determined  the  fatal  dose  of  a  digitalin,  a  toxic,  but  not  fatal, 
dose  of  the  drug  in  measured  amount  was  injected  from  a  hypodermic  syringe 
into  the  veins  of  a  normal  animal,  which  was  then  kept  under  observation  for 
the  required  period  of  time,  varying  from  one  to  thirty  days.  The  animal  was 
then  placed  on  the  operating  board  and  the  amount  of  the  drug  which  was  then 
required  to  cause  death  was  determined  in  the  way  jusi  described  for  a  normal 
animal. 

The  difference  between  the  fatal  dose  for  the  tesl  animal  which  had  previously 
received  the  initial  dose  and  thai  required  by  a  normal  animal  of  the  same  weighl 
must  be  due  to  the  persisting  action  of  the  initial  dose. 

The  following,  taken  from  the  protocol  of  an  experiment,  will  Berve  to  illusl rate 
this  method  of  estimating  the  persistence  of  action  of  digitalis: 

May  16,  i!H2:  Cat,  female,  weighl  2.65  kg.;  11:31  a.  m.,  heart  rate  248  per 
minute;  11:31%,  heart  rate  207  per  minute;  2:45  p.  m.,  heart-rate  210;  cal  much 
excited;  2:55,  injected  80  mg.  digitalis  per  kg.  by  vein;  4:05,  emesis. 

May  17:   10:32  a.  in.,  animal  depressed;  lean  rate  258-252. 

May  is:   10:05  a.  m.,  appears  nearlj  normal;  hearl  rate  2iflf. 

May  20:  1:26  p.  m..  appears  quite  normal;  heart  rate  256. 

24:  10:00  a.  m.,  anesthetized;  digitalis  injected  Blowly  by  vein-.  10:48, 
toxic  symptoms;  injection  stopped;  10:52,  animal  died:  82  mg.  digitalis  per  k^. 
of  body  weight  had  been  injected. 

A  normal  cat  requires  ;i  dose  of  LOO  mg.  of  digitalis  per  kg.  of  b< 
weighl  to  cause  death,  but  the  test  animal  in  the  experiment  jusi  cite] 
required  only  62  mg.  per  kg.  — a  difference  of  38  mg.  per  kg.  — which 
represents  thi  ]>■  of  action  <>f  the  initial  dose  after  an  Interval  <>f 

eight  <lav-. 
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I  have  used  ouabain  (the  so-called  crystalline  strophanthin  of  Thorns) 
for  estimating  this  latent  action  of  the  digitalis  principles  in  nearly  all 
of  the  experiments  recorded  in  Tables  1  to  5,  inclusive,  and  Table  7  and 
10,  because  of  the  greater  accuracy  which  is  permitted  by  its  use.  "When 
ouabain  was  not  used  the  fact  is  so  stated  in  the  footnotes  accompanying 
the  tables. 

The  use  of  ouabain  in  this  way  is  based  on  the  results  obtained  by 
Hatcher  and  Brody,9  who  found  that  ouabain  and  the  various  digitalins 
were  capable  of  replacing  each  other  in  the  estimation  of  the  fatal  dose; 
for  example,  if  50  per  cent,  of  the  fatal  dose  of  digitoxin  and  50  per  cent, 
of  the  fatal  dose  of  ouabain  were  injected  into  the  veins  of  a  cat  the  effect 
was  the  same  as  that  which  followed  the  injection  of  a  fatal  dose  of  either 
ouabain  or  digitoxin  alone,  except  for  the  fact  that  when  ouabain  was 
used  with  digitoxin  in  this  way  death  resulted  more  promptly  than  when 
digitoxin  was  used  alone,  because  of  the  comparative  slowness  with  which 
just  fatal  doses  of  digitoxin  act,  whereas  ouabain  acts  promptly  when  just 
fatal  doses  are  administered,  and,  curiously,  the  combination  of  fractional 
doses  of  digitalis  or  digitoxin  with  ouabain  also  acts  promptly. 

This  permits  of  greater  accuracy  in  the  estimation  of  the  fatal  dose 
of  digitalis  or  digitoxin  than  would  be  possible  were  either  of  those  bodies 
used  alone  in  the  manner  previously  described. 

The  employment  of  ouabain  also  permits  of  a  more  accurate  determin- 
ation of  the  latent  action  of  digitoxin,  digitalis  and  other  digitalins,  than 
would  be  possible  by  means  of  those  digitalins  themselves  for  the  final 
test;  and  furthermore,  the  insolubility  of  certain  of  these  principles,  such 
as  digitoxin  and  digitalin,  interferes  with  their  slow  and  continuous 
intravenous  administration. 

The  following  protocol  (in  brief)  of  an  experiment  illustrates  this 
method  of  estimating  the  latent  action  of  a  digitalin : 

April  16,  1912:  Cat.  gray  striped,  female,  weight  2.2  kg.  3:35  p.  m.,  0.4  mg. 
digitoxin  per  kg.  in  3.2  c.c.  6  per  cent,  alcohol,  by  vein;  4:13.  emesis;  4:25,  con- 
vulsion;   4:50,   symptoms   suggest  that  dose  is   fatal. 

April  17:   3:15  p.  m.,  attempts  to  vomit;  death  seems  imminent. 

April  20:  9:30  a.  m..  weight  1.9  kg.;  heart  is  very  rapid;  11:22  ouabain  in 
1-100,000  solution,  by  vein;  11:49,  death  after  0.026  mg.  ouabain  per  kg.,  or  26 
per  cent,  of  the  average  fatal  dose. 

Since  the  animal  received  26  per  cent,  of  the  average  fatal  dose  of 
ouabain  four  days  after  the  initial  dose  of  digitoxin.  it  follows  that  74 
per  cent,  of  the  fatal  dose  was  attributable  to  the  persistence  of  action  of 
the  digitoxin. 

When  the  interval  between  the  first  dose  and  the  final  test  is  only  a 
few  hours  or  a  day  the  sum  of  the  amounts  injected  is  almost  the  same 


9.  Hatcher  and  Brodv:  Am.  Jour.  Pharm..  1910.  Ixxxii.  360. 
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as  that  which  would  be  required  at  a  Bingle  injection  to  cause  death. 

because  the  effects  of  a  fairly  large  dose  of  digitalis  or  digitoxin  pe: 

almost  unchanged  for  a  day. 

When  the  interval  following  the  administration  of  a  given  initial 
-  much  as  a  week,  the  amount  required  to  cause  death  at  the  I 

the  final  test  is  somewhat  variable  because  elimination  takes  place  at  very 
rent  rates  in  different  animals:  but  even  as  late  as  a  month  after  the 

intravenous  injection  of  a  nearly  fatal  dose  of  digitalis  the  test  animal 

may  require  less  than  a  normal  animal  would  to  cause  death.  Bhowing  that 

the  action  of  digitalis  sometimes  |  en  after  Buch  a  long  interval 

during  which  there  has  been  no  drug  administered. 

NATURE   OF    PERSISTING    ACTION 

It  will  sugge-t  itself  at  once  thai  this  difference  between  the  amoimt 
required  to  kill  the  normal,  and  that  required  to  kill  the  test,  animal 
after  such  a  long  interval  of  time  is  to  be  attributed  to  injury  wind: 
heart  has  sustained  from  the  initial  action  of  the  digitalifi  ratlin-  than  to 
any  digitalis  still  operating  on  the  heart. 

Against  such  an  argument  is  the  fact   that  the  cat's  heart   may  be 

-oned  to  an  equal  degree  with  ouabain,  and  after  an  interval  of  twenty- 
four  to  forty-eight  hours  following  a  nearly  fatal  dose  the  animal  beha  • 
like  a  nearly  norma!  one,  requiring  almost  as  large  a  dose  to  cause  death 
as  a  normal  animal  of  the  Bame  weight  would  require. 

The  rabbit  may  be  given  a  very  nearly  fatal  dose  of  digitalis  or  digi- 
toxin (the  action  of  which  is  extremely  persistent  in  the  cat),  but  a 
two  or  three  hours,  the  heart  has  bo  far  recovered   its  normal  c< 
that  it  will  require  a  full  fatal  dose  to  cause  death. 

One  might  Buppose  this  rapid  elimination  of  digitoxin  and  digitalis 
by  the  rabbit  to  be  due  to  habituation,  but  ii  follow-  the  first  dose. 

It  is  difficult  to  account  for  the  great  differences  in  the  pers 
action  of  the  several  digital ine  in  the  Bame  animal,  or  in  that  of  the  sa 
digitalin  in  different  animal-,  except  on  the  hypothesis  that  the  digitalins 
are  eliminated  at  very  different  rati  b. 

I  have  determined  the  fatal  dose  and  the  persistence  oi  action  of  a 
number  of  the  digitalin-  for  the  cat  in  the  manner  described,  and 

•  mpted  to  carry  out  similar  experiments  on  other  animal-,  including 
the  dog,  rabbit  and  guinea-pig,  w  ith  Borne  of  the  more  important  memb 

of  the  digitalis  group,  but  this  was  not  feasible  and  a  different  pr lure 

d  to  be  adopted  \\  ith  the  rabbit,  w  hili  mpt  to  use  thi 

for  the  experiments  was  abandoned. 
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The  white  rat  shows  nervous  symptoms  following  the  injection  of 
large  doses  of  digitoxin,  and  these  symptoms  appear  to  overshadow  the 
cardiac  action.  The  phenomena  have  not  been  investigated  by  us.  but  it 
was  observed  that  slight  stimuli,  such  as  are  induced  by  a  sudden  noise, 
or  touching  the  cage,  were  followed  by  violent  strychnin-like  reflexes,  and 
clonic  convulsions  which  gradually  subsided.  Later  the  convulsions  were 
absent,  but  a  slight  stimulus  gave  rise  to  violent  trembling.  These  symp- 
toms are  present  in  a  mild  degree  in  the  rabbit  after  large  closes  of 
digitoxin. 

The  action  of  digitoxin  is  more  persistent  than  that  of  other  principles 
of  this  group,  and  since  its  action  persists  for  only  a  few  days  in  the  dog 
it  seemed  to  be  hardly  worth  while  to  test  the  more  rapidly  eliminated 
digitalins  on  that  animal. 

I  believe  that  the  cat  behaves'  more  like  man  toward  the  digitalins 
than  does  any  other  animal  which  is  available  for  these  experiments; 
hence  the  cat  has  been  used  in  much  the  larger  number  of  my  experiments. 

The  results  obtained  in  these  experiments  on  cats  and  dogs  are  given 
in  Tables  1  to  7;  the  experiments  on  rabbits  will  be  considered  later. 

In  these  tables  the  initial  dose,  the  dose  required  to  cause  the  death  of 
the  animal  after  the  interval  of  time  following  the  initial  dose,  and  the 
persistence  of  action  are  all  expressed  in  percentages  of  the  average  fatal 
dose  for  the  normal  animal. 

As  previously  stated,  the  figure  which  expresses  the  persistence  of 
action  is  gotten  by  subtracting  the  figure  representing  the  dose  required 
after  the  interval  following  the  initial  dose,  from  100  per  cent.  Thus  the 
first  animal  of  the  first  series  of  Table  1  required  83  per  cent,  of  the 
average  fatal  dose  for  a  normal  animal  to  cause  death  after  an  interval 
of  one  day  after  the  initial  dose ;  hence  the  persistence  of  action  in  that 
case  was  equal  to  IT  per  cent,  of  the  average  fatal  dose  for  a  normal 
animal  of  that  size. 

The  arrangement  used  in  the  tables  is  intended  to  facilitate  the  study 
of  the  results  obtained,  for  it  would  be  necessary  for  the  reader  to  con- 
sider such  doses  as  0.1  mg.,  575  mg.  and  70  mg.,  if  actual  doses  were 
given  expressed  in  mg.  per  kg.  of  weight. 

The  fatal  intravenous  dose  of  each  of  the  digitalins  used  for  each  of 
the  species  of  animals  employed  in  this  research  may  be  found  in  Table 
11.  These  doses  are  expressed  in  mg.  of  the  drugs  per  kg.  of  body  weight 
of  the  animal,  and  from  these  doses  may  be  calculated  the  dose  used  in 
any  experiment,  should  anyone  care  to  do  so. 

Ouabain  was  used  in  freshly  prepared  solution  in  the  final  test  of  the 
persistence  of  action,  as  previously  stated,  in  most  of  the  experiments  and 
where  it  was  not  used  the  fact  is  stated  in  a  footnote. 
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Table   1. — Persistence  ok  Digitai.i>   Actios   en  Cats 


Experi- 
ment 


1-B  

2-B  

3-B  

t-i:  

5-B  

6-B  

7-B  

8-B  

9-B  

10-B 

39    

40     

43  

44  

4!l  

50  

4     

5 

6    

7    

!5    

16    

35  

36  

37  

38  

1-8  

2-S  

3-8  

is  

5-S  

6-8  

7  8  

-  -  

Digitalis  used  for  final  teal 


Initial 

Dose 

Persistence 

Dose 

Required 

of  Action 

Per  Cent. 

After 

Per  <  tut. 

of  Fatal 

Interval 

of  Fatal 

SERIES 

1 

.-,.> 

83 

17 

50 

56 

44 

50 

50 

.">ll 

50 

54 

46 

.-,u 

lln 

—10 

50 

75 

25 

16.5X2 

81 

19 

16.5  X  2 

77 

23 

16.5X2 

7!» 

21 

in 

92 

S 

SERIES 

2 

96 

1  15 

—  15 

108 

74 

26 

LOO 

32 

us 

Kin 

12 

58 

100 

52 

4S 

HID 

77 

•'.'! 

-i  i:ii  S 

3 

15 

62 

38 

15 

45 

55 

in 

117 

—  17 

40 

76 

•21 

15 

64* 

36 

15 

76* 

24 

6IF 

122 

22 

84 

73 

27 

60 

SI 

in 

61) 

B8 

12 

91  i:n  S 

I 

75 

51 

19 

75 

77 

23 

75 

S] 

I'.i 

7_> 

68 

32 

i  ■' 

67 

„83 

76 

91 

<i 

38 


:::: 
62 


Interval 


Days 


4 

0 

21 

•2 '.i 


28 
29 

11 

11 

M 

!i 


33 
34 
33 
33 

0 

•I 

14 
12 
28 
28 


:;.i 
30 
21 
21 
in 


DISCUSSION   iM'  TABLE   I. 

Tho  scheme  of  tabulation  need  here  i\;i-  ad  intended  al  the  time  the 
experiments  were  made,  hence  the  numbers  assigned  t<>  the  experiments 

are  nol  in  sequence.    Son f  the  animals  died  during  the  interval  fol 

lowing  the  initial  dose,  ae  in  Beries  2,  in  wrhich  -i\  of  the  twelve  died. 
The  initial  dose  in  these  twelve  experiments  was  intended  to  be  as  nearlj 
fatal  as  possible  withoul  actually  tailing  the  animals. 
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The  animals  used  in  experiments  7-B  to  9-B  received  two  initial  doses, 
each  being  16.5  per  cent,  of  the  fatal,  on  two  successive  days,  and  in  those 
experiments  the  intervals  are  reckoned  from  the  dates  of  the  first  doses. 

Some  animals  required  more  than  100  per  cent,  of  the  average  fatal 
dose  after  the  specified  interval  of  time,  such  animals  being  tolerant, 
while  in  some  other  cases  the  amount  required  to  cause  death  is  quite  as 
far  below  the  amount  which  we  would  expect  as  those  just  cited  are  above 
it.  Such  individual  differences  are  always  seen  in  biological  testings,  but 
Experiments  4  and  5  of  the  third  series  require  individual  consideration. 
In  both  of  these  cases  the  animals  were  either  very  susceptible,  or  there 
was  some  error  in  technic. 

Aside  from  the  examples  just  mentioned  there  are  great  irregularities 
to  be  observed  in  the  doses  required  to  cause  death  after  the  intervals  of 
time  following  the  initial  doses,  and  this  is  to  be  expected  in  view  of  the 
fact  that  there  are  two  interacting  causes  of  these  irregularities. 

Since  these  figures  will  receive  the  closest  scrutiny  and  possibly  the 
severest  criticism,  it  will  be  worth  while  to  discuss  them  here  briefly. 

In  Experiment  1-S  of  the  fourth  series  the  animal  required  only  51 
per  cent,  of  the  average  fatal  dose  after  an  interval  of  thirty  days  fol- 
lowing an  initial  dose  reckoned  at  75  per  cent,  of  the  fatal,  and  in  6-S 
of  the  same  series  91  per  cent,  of  the  average  fatal  dose  was  required  to 
cause  death  after  an  interval  of  only  five  days  following  an  initial  dose 
of  the  same  amount  as  that  received  by  the  animal  previously  mentioned. 

Such  discrepancies  appear  at  first  glance  to  render  the  results  almost 
useless,  but  a  simple  calculation  will  suffice  to  show  that  a  comparatively 
slight  difference  in  susceptibility  on  the  part  of  one  animal,  and  of 
tolerance  on  the  part  of  the  other,  will  explain  even  these  great  variations 
from  the  average. 

If  we  suppose  that  the  first  of  these  two  animals  was  susceptible  to 
such  a  degree  that  it  would  require  20  per  cent,  less  than  the  average  fatal 
dose  to  cause  death  (and  it  could  not  have  been  much  more  susceptible, 
because  it  survived  75  per  cent,  of  the  average  fatal),  we  shall  have  the 
following  equation  for  this  experiment : 

Fatal  dose,  80  mg.  per  kg.:  initial  dose  (75^-80=)  94  per  cent,  of  the  fatal: 
dose  required  after  interval  (51-=-S0=)  G4  per  cent,  of  fatal,  leaving  persistence 
of  action  equal  to  36  per  cent,  of  fatal. 

This  would  not  be  far  from  what  we  might  expect  in  case  the  elimina- 
tion was  slower  than  normal  in  this  animal.  In  the  same  way  we  may 
explain  the  unusually  slight  degree  of  persistence  of  action  in  the  case  of 
the  other  animal.  If  we  suppose  that  this  animal  was  tolerant  to  such  a 
degree  that  it  would  require  20  per  cent,  more  than  the  average  fatal  dose 
to  cause  death,  we  would  then  have  the  following  equation : 
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Fatal   dose,   120  mg.  per  kg.  of  body-weight;    initial   dose    (75 -=-120  = 
per  cent,  of  fatal;  dose  required  after  interval  (91  -=-  120=)  7G  per  cent,  of  fatal, 
leaving  persistence  of  action  equal  to  24  per  cent,  of  fatal. 

This  would  be  far  nearer  the  amount  which  we  should  expect  than 
that  shown  in  the  table. 

It  was  found  after  completion  of  the  experiments  that  interval-  of 
three  weeks  and  more  were  too  long  except  when  they  followed  the  very 
largest  initial  doses,  because  they  prolong  the  average  of  the  duration  of 
action  unduly  when  they  follow  <'  tiler  than  those  which  the  animal 

just  survives. 


"iSfe 


-7  + 


srr"-:'.'r' 


Mays    ,       X         v  fc  dr  '°         '*■         *-       'l        'r       >°        *  *-     ^"      *5 

[ram  I.-  Showing  persistence  of  action  of  digitalis.  Upper  line  based  on 
experiments  in  Si  ries  2  of  Table  1 ;  middle  line  based  on  Bis  experiments  in  Scries 
t.  Table  1  -.  lower  line  based  on  all  experiments  in  Series  2.  and  all  othera  in 
Table  1,  except  those  in  which  i  n  t  <  ■  r  \  ;t  1  i-  four  wee!  -  or  more. 

Ri  ■        ■   to  thi   -  .  pal  tables  will  show  that  the  cat,  doer  and  rabbit, 
manifi  tence  of  action  of  digitoxin  in  lr  sus- 

ceptibility, at  illuatrati  -1  ii    I  a  6,  and  I  have  gaim  <\  the  in 

sion  thai  individuals  of  the  imilar  relationship 

le  more  tolerant  individuals  seeming  l<>  show  less 
of  action  after  similar  intervals  than  the  mi  ptible 

which  are  relatively  equal  can  judge  by  objective 

of  Tabli 
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The  averages  of  the  results  of  the  experiments  given  in  several  of  the 
tables  are  shown  diagrammatically.  In  these  diagrams  the  unbroken  lines 
indicate  the  decline  of  the  action  between  the  initial  doses  and  the  time 
of  the  final  tests,  and  they  are  then  continued  as  broken  lines.  While  it 
is  very  probable  that  the  elimination  should  be  represented  more  accu- 
rately by  curves,  I  have  no  data  for  the  construction  of  such  curves. 

Eight  of  the  ten  experiments  in  the  first  series  of  Table  1  give  the 
following  averages:  The  initial  dose  was  45  per  cent,  of  the  fatal;  the 
interval  was  about  four  days,  and  the  persistence  of  action  was  equal  to 
about  27  per  cent,  of  the  fatal.  The  entire  series  gives  an  interval  of 
nine  days,  with  persistence  of  action  equal  to  25  per  cent,  of  the  fatal, 
indicating  a  persistence  of  action  far  beyond  that  which  we  should 
expect  with  such  doses. 

Table  2. — Persistence  of  Digitoxin  Action  in  Cats 

Initial  Dose  Persistence  T  , 

Experi-  Dose  Required  of  Action  Interval 

ment  Per  Cent.  After  Per  Cent.  in 

of  Fatal*  Interval  of  Fatal  1Ja^s 

SERIES   1 

2  50  45  55  5 

3  50  48  52  5 

4  50  71  29  10 

5  50  75  25  10 

20  66  33  67  6 

21  50  76  24  15 

22  50  90  10  14 

23  33  '            88  12  14 

24  33  78  22  14 

25  33  70  30  14 

SERIES  2 

ID  60  66  34  1 

2-D  100  37  63  2 

3-D  60  71  29  8 

4-D  60  40  60  7 

5-D  80  26  74  4 

*The  fatal  dose  of  the  specimen  of  digitoxin  used  in  the  first  series  was  0.3 
mg.  per  kg.  of  body-weight;  that  of  the  specimen  used  in  the  second  series  was 
0.5  mg.  per  kg. 

The  initial  dose  in  the  second  series  of  experiments  is  reckoned  at  100 
per  cent,  of  the  average  fatal,  but,  as  previously  stated,  six  of  the  twelve 
animals  intended  for  this  series  died,  and  those  which  survived  were 
slightly  tolerant;  hence  the  persistence  shown  is  less  than  we  should 
expect  with  such  doses.  After  deducting  the  15  per  cent,  excess  of  the 
usual  fatal  dose,  taken  by  animal  No.  1,  we  have  an  average  of  36  per 
cent,  of  the  fatal  dose  persisting  after  an  average  interval  of  sixteen 
days.     (Line  1  of  Diagram  1.) 
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There  are  only  four  experiments  in  the  tl  -        <1  be 

included  in  the  results  tervals  in  the  others  were  too  Ii 

For  the  same  r<  ix  of  tlie  exp  -   in  the  fourth  Beries 

should  be  included  in  the  calculations.     These  sis  give  an  average  per- 
sistence of  action  equal  to  31  per  cent,  of  tl  after  as 
interval  of  eleven  days.     (Line  2,  Diagram  l.i 

Taking  all  of  the  experiment-  in  S  ..  and  all  of  the  remaining 

in  the  table  in  which  the  interval  is  less  than  four  week-,  we  have  a  total 
of  twenty-five  experiments  with  an  avi  lion  equal  to 

23  per  cent,  of  the  fatal  with  an  interval  of  eleven  days  following  an 
51    initial  dose  equal  to  GT  per  cent,  of  the  fatal,  (line  :"!.  Diagram 
1  i.     The  nearly  parallel  lines  of  this  diagram  afford  strong  evidence  thai 
the  i  re  approximately  < 


Diagram  2. — Showing  |"  "f  action  of  digitoxin.    Upper  line  1m 

all  the -experiments  in  Tahle  --.  lower  line  based  on  five  experiments  with  nearly 
equal  dosage  and  iii'  fore  i he  final  test. 

It  i-  noi  necessary  to  call  attention  to  everj  experiment  in  which  the 

.  re  noi   in  strict  agreement  with  the  general  average,  but  it  will 

be  bi  en  at  once  that  four  of  the  animal-     2,  '■'•.  20  and  25  of  the  first  Beries 

in  Table  2 —  were  distinctly  Busceptible,  since  tiny  required  less  in'the 

initial  and  final  i  ned  than  tie'  average  fatal  dose.    These  four 

i  riments  prolong  the  average  j  of  the  Beries  unduly,  but,  on 

11m-  other  hand,  I  d  animal-  in  :, .  n  just  a-  cer- 

tainly tolerant ;  hem  e  •  -  would  be 

Bhorter  than  it  Bhould  ho.  and  it  i-  believed  that  the  lino  (1)  in  Diagram 
2  representing  the  entire  Dumber  of  experi  very  nearly 

:  Lit  ion  of  tl  ■  i  ion  of  digitoxin  in  the 
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Diagram  3. — Showing  the  persistence  of  action  of  digitalein.  Upper  line  based  on  all  experiments 
in  Table  3;  middle  line  based  on  experiments  in  Series  2  of  Table  3;  lower  line  based  on  four  exper- 
iments with  nearly  equal  doses  and  a  uniform  interval  of  time  before  final  test. 
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Line  2  in  the  diagram,  representing  the  five  animals  with  nearly  uni- 
form initial  dosage  and  practically  uniform  intervals  of  fourteen  (lavs 
(one  fifteen  days),  is  nearly  parallel  with  line  1.  None  of  the  fifteeD 
animals  failed  to  show  the  persistence  of  action. 

Table  3. — Persistence  of  Digit.-. i.i.in  Actios  i.\  Cats 

Initial  Dose  Persistence  T  ,         . 

Experi-                                 Dose  Required  of  Action  lnt(;rval 

ment                                 Per  Cent.  r  Per  Cent.  nm 

of  Fatal  Interval  of  Fatal  1"'" 

SI  RIES   1 

2G    CO  L02  —  2  1 

27     30  70  24  1 

28    50  st  ltj  i 

29    96  4  2 

30    45  90  10  4 

31     60  71  29  1 

32    60  83  17  4 

32a    60  67  33  2 

32b    60  86  14  2 

32c     00  86  14  4 

32d    60  69  31     "*  4 

32e     60  110  —10  14 

32f     CO  14  II 

tIES  2 

32g    45X3*  37  63  3 

32h    3*  29  71  3 

32i    45X3*  56  44  3 

•Three  initial  doses  of  46  per  cent,  of  the  fatal  were  given  on  three  successive 

days  in  these  three  experiments,  the  final  tesi  being  made  on  the  fourth  clay. 

•  Table  4. — Persistence  oi   Actios  of  Digital]  d*  Cats 

Initial  Dose  Persistence  T   ,         , 

Expert-                              Dose  Required  of  Action  ""^rvaj 

ment                              Per  I  After  Per*  ent.  ,.'" 

ital  [nterval      of  Fatal  '    •  ~ 

17     -"-'1X2  65  I.".  >  2 

is  50X2  131  —31  2 

20  .      .  ...  68  88  12  2 

21     68  82  is  g 

22  .  60      2  ;  33  ■  •  :t 

23    33  7  1  26  3 

The  persistence  'if  digitalein  actios  is  ahown  to  be  brief  in  the  experi- 
ments tabulated  here,  ben©  experiments  in  which  the  interval  was 
fourteen   days  should   qoI   1"'   included   in   the  calculation;   it    will   be 

.  however,  thai  the  sum  of  the  combim  required  by  thi 

two  animals  divided  by  iu  if  the  average  fatal,  as  wre 

should  exped  after  the  action  of  the  initial  dose  had  cea  ed. 
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Diagram  3  shows  a  close  parallelism  between  the  three  lines,  (1) 
based  on  the  averages  of  all  of  the  experiments  in  both  series;  (2)  that 
based  on  the  three  experiments  in  the  second  series;  and  (3)  that  based 
on  the  four  experiments  in  which  nearly  equal  doses  were  given,  and  a 
uniform  period  of  four  days  was  allowed  to  elapse  before  the  final  tests 
were  made. 


Diagram  6. — Showing  persistence  of  action  of  digitoxin,  on  the  cat     (upper 
line),  dog  (middle  line),  and  rabbit  (nearly  perpendicular  line). 


The  diagrams  representing  the  results  obtained  with  German  digita- 
lin,  true  digitalin  and  digitalein  are  placed  together  for  convenience  of 
comparison. 
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Two  initial  doses  of  50  per  cent,  of  the  fatal  were  given  on  bucci  - 
days  in  Experiments  17  and  18,  and  three  initial  doses  were  given  on 
successive  day?  in  Experiments  2?  and  23,  and  in  all  four  experiments  the 
final  '  made  on  the  day  following  the  last  initial  d 

-In  Ex]  -  20  and  21  a  single  initial  do  given  and  the 

final  test  was  made  after  an  interval  of  two  da; 

The  averages  of  the  six  experiments  in  Table  4  are  as  follow  - : 

Initial  dose  91  per  cent,  of  the  fatal;  dose  required  after  an  average 
interval  of  two  and  one  third  days,  equal  to  82  per  cent,  of  fatal,  leaving 
a  persistence  of  action  equal  to  IS  per  cent,  of  the  average  fatal. 

The  averages  ai  nted  in  Diagram  4. 

Table  •">.     Persistence  oj    A   i»  llltne  <>.  m:\in   and  Strophanti!'.  s 

IN    I 

Initial                  Dose  Persistence     T   ,        , 

Experi-                                Dose  Required  of  Action       inierval 

ment                               Per  Cent.                After  Per  Cent.  .  '" 

of  Fatal  [nterval  of  Fatal 

i  BYSTA1  I  l\i:   OUABAIN 

1  75  85       15       1 

2  75  41        1 

:;  75  93        7        1 

4  T.->  54       46        1 

5 80  90       L0        1 

ii.wnii  S 

1 70  69       31        1 

2  55  42       58        I 

3  ..       ...      60  56       il        1 
I  .       ...      60  17        1 

7.".  92  8  1 

'  6  ..               7".  in?  _  7  1 

7  .        ...  80  20  1 

7.".  70  30  1 

iund  that  digitalirj  little  of  the  so-called 

cumulative  action,  and  thi  very  well  with  my  own  results,  which 

iowu  in  a  striking  way  in  the  diagram. 
Ouabain.  anthin   (which  is  methyl-ouabain)  and  strophanthus 

are  generally  supposed  to  exhibil  the  cumulative  action  I"  a  slight  di 
only,  or  not  at  all. 

AM  bul  one  of  the  animals  in  the  thirteen  experiments  recorded  in 

Tab!  persistence  of  action  after  an  interval  of  one  day. 

mimals  (No.  2  of  the  second  series)  was  evidently  unusually 
ceptible,  and  one  (No.  6  of  thi  I  is  jusl  as  obviously  tolerant, 

but    the  ■!   by  the  experiments  thai   these  di 

belong  in  thi  ith  true  digitalin,  bo  far  as  the  if  action 

i  I'd. 
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Table  0.— Persistence  of  Action  of  Various  Digitalixs  ix  Cats 
Initial  Dose       Persistence 


Experi- 
ment 


of  Fatal  Interval      of  Fatal 

Per  Cent.  After        Per  Cent. 

Dose  Required     of  Action 


Interval 

in 

Davs 


COXVALLARIA 


40 
41 
42 
43 

44 

14 
15 
16 
17 
18 
10 

16 
17 
IS 
19 
20 
22 

13 
14 
15 
16 
17 
18 

11 

12 
13 
14 
15 
16 
17 

7 

8 

9 

10 


60 


99 


75 

92 

70 

57 

75 

94 

APOCYXUM 

75 

94 

75 

60 

75 

95 

50 

86 

40 

98 

50X2 

75 

GERMAN    DIGITALIX 


SQUILL 


BLACK    HELLEBORE 


1 

28 


43 
6 


6 
40 

6 
14 

2 
25 


50 

37 

63 

3 

50 

100 

0 

3 

50 

47 

53 

1 

50 

86 

14 

2 

50 

114 

—14 

3 

50 

66 

34 

9 

70 

80 

20 

1 

50X3 

54 

46 

3 

50X3 

30 

70 

3 

50X3 

42 

58 

3 

80 

57 

43 

2 

80 

71 

29 

2 

50 

94 

6 

1 

50X2* 

50X3* 

50X3 

29 

71 

3 

80 

47 

53 

2 

80 

51 

49 

2 

80 

46 

54 

2 

HELLEBOREIX 

50 

65 

35 

1 

50X3* 

50X3* 

SO 

36 

64 

2 

'Fatal. 
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Initial  Dose  Persistence  ,   .        , 

Experi-  of  Fatal  Interval  of  Fatal  interval 

ment  Per<  ent.  tfter  Per(  ent.  *n 

Dose  Required  of  Action  ys 

CON\  AI.LAMAKIN 

8    44  64  36  1 

9     7n  -  32  2 

10    7ii  74  26  2 

11     45+50  73  27  2 

12     j.-j-L/io-foO  39  61  3 

1?     80  89  11  2 

14     BO  27  2 

SCILLITOXIN 

7  7u  70  30  3 

-  80  60  10  3 

9  70+50+50  no  4n  7 

10  70  +  5H  +  50  35  Co  7 

11  .30  +  511  +  5117 

12  50+50+50  22  78  3 

Euomnros 

7     5ii  102  —  2       ~  1 

8    50  87  13  1 

U     50X2  5)  16  2 

10     50X2  44 

58f 

9     58+58+58  12  58  3 

10     80-1  60  27  73  4 

ddenly  fatal. 

Tlie  experiments  furnish  the  following  averages: 
Crv£  ouabain,  initial  dose,  76  per  cent,  of  fatal;  persistent 

action  after  an  interval  of  one  day  equal  to  24   per  cent,  of  the 
strop]  "  initial  dose,  68   per  cent,  of  fatal;   persistence  of 

an  interval  of  one  day  equal  to  25  per  cent,  of  the  fatal. 
In  several  of  the  experiments  in  Table  (i  the  animals  received 
one  initial  dose;  in  Buch  cases  thesi  een  on  successive  days, 

•  in  the  case  of  scillitoxin,  in  which  the  initial  doses  wen 

In  all  cases  the  interval  before  the  final 
med  from  the  date  of  the  firsl  initial  dose. 

man  digitalin  is  Baid  :  digitonin  to  a  very  1  .* 1 1  _ 

and  the  action  of  digitonin  on  the  heart  i-  no!  quite  like  thai  of  true 
digitalin.  so  thai  it  is  ool  surprising  thai  the  results  obtained  with  this 
preparation  are  doI  verj  satisfactory.    The  similarity  of  action  to  I 
digitalein  is  to  be  noted. 

Digitalis  ntains  digitonin,  bul  the  amounl  presenl  in  I 

is  Baid  to  bo  small,  and  it  should  be  remembered  thai  the  cardial 
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of  digitonin  is  not  obtained  after  the  oral  administration  of  digitalis  or 
the  other  digitalins.  The  final  test  was  made  with  the  same  drug  which 
was  used  for  the  initial  dose  in  every  experiment  recorded  in  Table  6, 
but  we  had  found  that  all  of  these  digitalis  bodies  are  synergists  of 
ouabain. 

The  digitoxin  was  administered  intramuscularly  in  Experiments  1  to 
9  inclusive,  and  intravenously  in  the  others. 

Table  7. — Persistence  of  Digitoxin  Action  in  Dogs 


Experi- 
ment 


4 

5 

7 

9 

10 

11 

12 

13 


Initial 

Dose 

Persistence 

Dose 

Required 

of  Action 

lntei 

Per  Cent. 

After 

Per  Cent. 

in 
Da\ 

of  Fatal 

Interval 

of  Fatal 

95 

60 

40 

3 

(50 

100 

00 

11 

95 

100 

00 

2 

80 

75 

25 

9 

95 

100 

00 

5 

95 

100 

00 

9 

95 

77 

23 

1 

95 

67 

33 

1 

SO 

100 

00 

3 

95 

100 

00 

3 

Table  S. — Digitalis  in  Repeated  Doses  to   Rabbits  Intravenously 


Exper :    1 


1 

50 

2 

100 

3 

165 

4 

160 

5 

170 

6 

200 

7 

200 

8 

200 

9 

200 

10 

200 

11 

400 

Fatal. 


(Doses  in  milligrams  per  kilogram  of  body-weight) 


67 


200 
200^ 


100 
200 
200 
200 


4 
100 
100 


200 


100 


200 


200 


>00 


250 
200 
200 


200 

200 
250 
200 


250 

250* 

250* 


8  9 

...  200 

200  ... 

250  200 

250  200 

250  250 


f  Two  doses  at  intervals  of  three  hours,  fatal 


10 


>00 


350 
500 


11 
300 
250 

300 

300 


Total 
*1,017 

1.150 

1.215 

1.710 

2.070 

400 

400 

700 

S50 

050 

400 


It  is  evident  tbat  dogs  do  not  usually  show  persistence  of  digitoxin 
action  for  long  periods,  and  of  the  eight  experiments  in  which  the  dura- 
tion of  the  interval  was  more  than  a  day,  only  two,  (1  and  o,)  show  any 
persistence  of  action.  Tbat  the  action  did  actually  persist  in  these  two 
cases  is  rendered  more  probable  by  the  fact  that  the  first  of  these  animals, 
which  shows  persistence  of  action  amounting  to  40  per  cent,  of  the  fatal 
after  three  days,  was  greatly  depressed  for  two  days  following  the  first 
dose,  and  the  other  animal,  which  shows  persistence  of  action  equal  to  25 
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at.  of  tlif  fatal,  had  lost  1.5  kg.  of  body-weight  during  the  in! 
The  weight  at  the  time  of  the  first  injection  was  12.5  kg.,  and  at  the 
time  of  the  final  test  the  weight  was  11  kg. 

Ben   again  the  attention  i-  arrested  by  the  question  whether  individ- 
ual diff<  rences  in  tolerance  and  susceptibility  stand  in  am  sort  of  rela- 
tion to  differences  in  tbe  individual  capacity  for  elimination,  as  sugg 
in  the  discuss  Table  1. 

In  the  fourth  and  fifth  experiments  the  animals  received  two  i  -  - 
each  on  the  tenth  day.  Two  hundred  and  fifty  mg.  of  digitalis  per  kg. 
of  body-weight  appeal-  to  I"'  the  average  fatal  intravenous  dose  for  the 

rabbit,  buttwo  rabbits  survived  doses  of  3 ig.  per  kg.  each,  and  one  of 

X < < .  5,  had  had  two  doses  of  250  mg.  per  kg.  each  <>n  the  previous 
day. 

Table  9. — Effei  i  oi  Digitoxin  in  Repeated  Doses  to  Rabbits  by.  Veto 
(Doses  are  given  in  milligrams  per  kilogram  of  weight) 


Exper. 

1 

1 
0.75 

.> 

0.5 

4 
0.75 

l  1  o 

6 

7 

8 

Total 
2.0 

■» 

0.5 

0.5 

ir..-> 

n..-, 

(>.."> 

0.75 

3.25 

3 

0.5 

0.5 

0.5 

0.5 

0.75 

2.75 

I 

0.75 

l.."» 

L.5 

*.S.75 

•"» 

0.5 

0.75 

0.75 

0.75 

0.75 

3.5 

6 

0.75 

0.75 

0.75 

0.75 

0.75 

3.75 

- 

0.5 

0.75 

0.75 

0.75 

0.75 

0.75 

n.:;. 

*7.0 

Fatal       j  '•"  milligram  on  tenth  daj  and  1.0  mg.  on  twelfth  day. 

The  eh\cn  rabbits  weighed  18.44  kg.,  the;,  received  a  total  of  L9,000 
■  digitalis  during  a  total  of  seventy  day-  of  experimentation,  or  an 
average  of  less  than  a  week  for  each  animal,  but  even  this  stupendous 
amount  doe-  not  represent  the  limits  of  dosage  for  this  animal:  hut  its 
capacity  fur  eliminating  the  digitalins  was  qo1  Buspected  at  the  time  the 
experiments  were  conducted. 

In  this  connection  it  must  be  remembered  that  the  amounts  adminis- 
tered to  these  rabbits  correspond  to  vrerj  much  larger  amount-  adminis- 
tered by  the  stomach,  <>r  stfbcutaneously. 

'!  ■  fourth  animal  of  this  series  died  of  respiratory  failure.  The 
Beven  rabbits  received  an  average  total  of  more  than  3.5  mg.  of  digitoxin 
per  kg.  during  the  entire  period. 

[mpressive  as  the  figures  for  this  and  the  preceding  table  arc  they 
lose  much  of  their  significance  in  view  of  the  results  recorded  in  Table 
10,  in  which  it  i-  shown  that  the  rabbit  eliminates  digitoxin  with  sur- 
prising rapidity. 
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The  following  is  the  protocol  of  an  experiment  which  shows  that  the 
rabbit  exhibits  no  persistence  of  action  of  digitoxin  after  an  interval  of 
a  few  hours  following  the  intravenous  administration  of  a  nearly  fatal 
dose. 

May  29,  1912:  Rabbit,  weight,  1.7  kg. 

8:41  a.  m.     1.0  mg.  digitoxin  per  kg.  by  vein;  some  depression. 
9:41  a.  m.    Animal  sitting  up. 
12:56  p.  m.     1.0  mg.  digitoxin  per  kg.  as  before. 
1:10  p.  m.     Effects  about  the  same  as  after  previous  dose. 
1 :56  p.  m.    Appears  to  be  nearly  normal. 
2:56  p.  m.    Ouabain,  slow  and  continuous  injection  by  vein. 
3:34  p.  m.     Death  after  injection  of  0.19  mg.  ouabain  per  kg.,  or  the  full  fatal 
dose  of  ouabain. 

Table  10. — Persistence  of  Action  of  Digitoxix  in  the  Rabbit 
(Doses  in  mg.  per  kg.  of  body-weight) 


Initial  Dose 

Dose  Required 

Interval  in 

Persistence 

of  Digitoxin 

After  Interval 

Hours 

of 

Action 

4.0      (subcut.) 

0.206  ouabain 

26 

00 

0.75    (vein) 

0.245  ouabain 

4.5 

00 

0.75    (vein) 

0.212  ouabain 

4.5 

00 

2.0      (vein) 

0.19     ouabain 

* 

00 

See  proctocol. 

I  believe  that  hitherto  no  one  has  suspected  that  the  rabbit  is  capa- 
ble of  eliminating  digitalis  and  digitoxin  with  the  extraordinary  rapidity 
indicated  in  Tables  8,  9  and  10,  and  as  shown  in  the  protocol  of  the 
experiment.  Certainly  no  one  has  ever  before  recorded  the  administra- 
tion of  digitoxin  in  such  amounts  and  at  such  short  intervals  during 
studies  of  this  nature,  for  it  must  be  remembered  that  the  subcutaneous 
and  oral  administration  are  in  no  way  comparable  to  the  intravenous 
injection  of  this  principle,  because  of  the  slow  and  uncertain  absorption 
from  the  gastro-intestinal  tract  and  from  the  subcutaneous  tissues  of  the 
rabbit.     (See  Experiment  1,  Table  10.) 

It  is  hardly  necessary,  therefore,  to  call  attention  to  the  fact  that 
previous  studies  of  cumulation,  so-called,  based  on  the  oral  or  subcuta- 
neous administration  of  the  digitalins  to  rabbits  lose  much  of  their  value 
because  it  is  obvious  that  absorption  is  a  more  important  factor  in  the 
results  so  obtained  than  is  the  persistence  of  action  which  follows  the 
absorption  into  the  blood-stream  of  the  drugs  so  administered. 

It  will  be  understood  that  the  doses  given  in  Table  11  apply  only  to 
the  specimens  of  the  drugs  used  by  us  in  these  experiments,  but  crystal- 
line ouabain  appears  to  be  of  constant  composition  and  activity. 

The  fluid  extracts  used  were  obtained  from  a  reputable  firm,  but  it 
is  probable  that  they  do  not  represent  the  full  activity  of  the  drugs  from 
which  they  were  prepared.  The  tincture  of  digitalis  used  was  prepared  in 
this  laboratory,  care  being  taken  to  insure  the  complete  exhaustion  of  the 
drug:. 
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Table    11. — Fatal  Doses   of   Digitalixs   by  Veix   ix   Milligrams   per   Kilo- 
gram: of  Body-Weight 

cat 

Ouabain    (crystalline  strophanthin.  so  called) 0.1 

Digitoxin  ( specimen  used  in  Series  1,  Table  2 ) 0.3 

Digitoxin  (specimen  used  in  Series  2,  Table  2) 0.5 

Scillitoxin    0.4 

Diiritalin   (true)    1.5 

Helleborein    1.7 

Convallamarin  1.7 

Digitalein     3.5 

Digitalin,  German    3.6 

Adonidin    4.35 

Convallaria    ( fluid  extract  used ) 50.0 

Apocynum   ( fluid  extract  used ) 70.0 

Digitalis    (tincture  prepared  by  ourselves  I 100.00 

Black  hellebore   ( fluid  extract )" 100.00 

Euonymus  ( fluid  extract) 475.0 

Squill    (  fluid  extract  used) 575.0 

dog 

Ouabain   0.125  to         0.175 

Digitoxin   (specimen  used  in  Series  1.  Table  2) 0.5 

Digitalis     125.0 

BABB 

Ouabain    0.2 

Digitoxin   (specimen  used  in  Series  1,  Table  2) 0.75  to  1.0 

Digitoxin  (specimen  used  in  Series  2.  Table  2) 1.0    to  1.5 

Digitalis    ..: 200.0     to  250.0 

*  Th«  doses  given  are  for  rabbits  weighing  about  1,800  gm.  or  less;  fully  grown 
rabbits  appear  to  be  Blightly  more  susceptible  than  this  to  the  digitalins. 

Reference  to  the  table  suggests  some  curious  relationships  between 
several  of  the  digitalins;  for  example,  digitoxin  and  scillitoxin  are  about 
equal  in  activity  and  their  persistence  of  action  is  not  widely  differenl  ; 
true  digitalin.  helleborein  ami  convallamarin  are  almost  exactly  alike  in 
activity,  ami  mmc  df  these  three  shows  a  markedly  persistent  action. 
German  digitalin  ami  digitalein  are  aboul  equal  in  activity,  ami  we  know- 
that  both  of  these  partake  of  the  nature  of  true  digitalin  on  the 
baml.  and  of  digitonin  on  the  other.10 

'I'm.  much  stress  should  not  he  placed  on  similarities  in  activity  of  the 
digitalins,  however,  since  Done  of  these  bod  pi  ouabain  is  found  in 

commerce  in  a  pure  form.    Ouabain  appears  to  have  only  traces  of  impur- 
ities present. 

w  \{.\  318  OF  0EETAIK    B  I     I  i:\KNKEl/s 

Reference  has  been  made  to  the  fad  thai  Fraenkel'a  i  on<  lusions  based 
on  results  obtained  when  using  digitalin-  on  the  cat  are  irreconcilable 

with  mine.      I  |    ;  30me  of  bis  experiment  - 

in.  Schmiedeberg:   Arch,  f.  exper.  Path.  u.  Pharm.,  1^75.  iii.  16, 
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which,  interpreted  correctly,  actually  confirm  my  own  results  in  all  essen- 
tials, I  believe. 

Fraenkel4  fixed  the  fatal  dose  of  Merck's  crystalline  digitoxin  for  the 
cat  by  subcutaneous  injection  at  0.08  mg.  per  kg.  of  body-weight  and  then 
he  administered  specified  fractional  parts  of  this  dose  daily,  observing 
the  onset  and  severity  of  the  gastro-intestinal  symptoms,  the  effects  on 
the  heart  and  pulse-rate  and  the  number  of  such  doses  that  the  animal 
would  survive,  comparing  the  effects  of  digitoxin  with  those  of  the  other 
digitalins  in  common  use,  including  digitalin  and  strophanthin. 

Table  12. — Effect  of  Digitoxin  on  Cats 

(Taken  from  article  by  Fraenkel4) 

Experi-      Digitoxin    After     After  How  After  How  Remarks 

ment :         Given        How         Many  Many                  

Per  Kg.     Many        Doses  Doses                

Days       Vomit-  Sick  ?               

Slowing  ?      ing  ?  

40         22  x  0.02         5         Not  seen.  Not  seen.  Remained  sound. 

9           9x0.03         2                 3  9  Stopped;     Animal     very 

sick. 

20           2  x  0.04         2         Not  seen.  Xot  seen.  Remained  sound. 

44         16x0.04         4                6  6  Death  after  16  doses. 

11           5x0.041       3                 5  5  Stopped    after    5    doses; 

very  sick. 

8           7  x  0.05       3-4             3-4  4  Death  after  7  doses. 

10           7x0.087       12  3  Death  after  7   doses. 

It  will  be  seen  by  reference  to  Table  12,  which  is  taken  from  Fraen- 
kel's  article,  that  several  of  his  cats  survived  a  total  of  much  more  than 
the  amount  which  Fraenkel  gives  as  the  single  fatal  dose;  thus,  one  of 
his  animals  is  stated  to  have  received  sixteen  daily  doses,  each  of  which 
was  50  per  cent,  of  the  fatal,  or  a  total  amount  equal  to  eight  times  the 
single  fatal  dose  within  a  period  of  fifteen  days ;  another  survived  three 
times  the  fatal  single  dose,  administered  in  five  days;  while  two  required 
to  cause  death  amounts  equal  to  four  and  seven,  times  the  fatal  dose, 
respectively,  within  a  period  of  a  week. 

If  these  conclusions  were  correct  it  would  show  that  the  action  of 
digitoxin  is  not  very  persistent  when  used  in  that  way,  but  while  Fraenkel 
does  not  state  specifically  the  number  of  experiments  which  he  made  to 
determine  the  toxicity  of  digitoxin  for  the  cat,  he  gives  the  protocol  of 
only  one  experiment  and  in  that  the  animal  died  on  the  tenth  day  after 
the  injection. 

No  less  than  five  observers  working  independently  in  this  laboratory 
at  different  times  have  been  unable  to  confirm  Fraenkel's  determination 
of  the  fatal  dose  of  digitoxin  for  the  cat. 

Bailey,  Brody,  Eggleston,  Mr.  M.  I.  Smith  (one  of  my  students), 
and  I  have  found  that  the  fatal  dose  of  different  samples  of  Merck's 
crystalline  digitoxin  is  much  larger  than  that  given  by  Fraenkel. 
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Bailey  found  that  doses  of  0.1  mg.,  and  0.2  mg.,  per  kg.  of  body- 
weight  injected  subcutaneonsly,  produced  very  little  effect  on  the  pulse- 
rate  of  the  cat,  and.  in  fact,  little  or  no  perceptible  effect  of  any  sort 
was  produced  by  these  doses  administered  to  two  animals. 

Hatcher  and  Brody,9  Eggleston.  and  later  I,  while  repeating  the  work, 
have  found  that  the  fatal  intravenous  dose  of  several  different  samples 
of  Merck's  crystalline  digitoxin  for  the  cat  is  approximately  0.3  mg.  to 
0.35  mg.  per  kg.  of  body-weight,  and  I  have  found  the  fatal  dose  for  the 
cat  by  subcutaneous  injection  to  be  Bomewhal  larger  than  that  by  win.  as 
one  might  expect.  I  have  quite  recently  found  a  specimen  of  Mer 
digitoxin  obtained  from  another  firm,  and  not  bearing  Merck's  label,  to 
have  only  about  60  per  cent,  of  the  activity  of  the  specimens  previously 
examined.     (This  is  the  weaker  specimen  mentioned  in  Table  11.) 

If  we  accept  0.4  mg.  of  digitoxin  per  kg.  of  body-weight  as  the  average 
fatal  dose  for  the  cat  by  subcutaneous  injection,  it  will  be  seen  that 
Fraenkel's  results,  so  far  from  being  irreconcilable  with  my  own,  afford 
strong  corroborative  evidence  of  the  persistence  of  action  in  the  cat. 

If  the  fatal  dose  of  digitoxin  used  by  Fraenkel  was"  really  0.4  mg. 
per  kg.  when  administered  subcutaneously,  his  animals  received  only  a 
little  more  than  the  Bingle  fatal  dose  within  a  period  of  a  week,  and 
in-tead  of  receiving  totals  of  three,  four.  Beven  and  eight,  times  the  -ingle 
fatal  dose,  respectively,  they  received  totals  of  three-fifths  (this  animal 
survived),  one,  one  and  a  half,  and  one  and  three-fifths  times  the  single 
fatal  dose,  from  which  the  last  three  died. 

One  might  argue  thai  the  -pecimen  of  Merck*.-  crystalline  digitoxin 

I  by  Fraenkel  was  far  more  active  than  the  specimens  used  in  this 
laboratory,  and  I  am  Well  aware  that  it  i-  commonly  stated  thai  the  activ- 

of  differenl  specimens  ":  all  of  the  digitalis  principles  varies  widely, 
bin  while  the  activity  of  a  given  principle  made  by  differenl  manufac- 
turers may  show  greal  variations,  and  the  product  made  al  differenl 
times  by  the  same  manufacturer  may  vary  somewhat,  the  results  obtained 
by  numerous  observers  indicate  do  verj  greal  variation  in  the  activity  of 
Mi  n  talline  digitoxin. 

Among  those  who  have  determined  the  activity  oi  digitoxin  and  n 
results  are   in   fair  agreemenl   witb   those  obtained    in   this   laboratory 
(allowance  being  made  for  differences  due  to  differenl  methods  of  I 
ing),  an       I        -  and  Pamulener,11  Worth  Bale1*  and  Koppe.18    On  the 
other  hand,  I  know  of  do  one  whose  results  confirm  those  * » f  Fraenkel. 


1  i.  Ljmm  Proc.    \m.  Pha  i  in.    \--ti..  1902,  I.  12  1. 

12.  Bale,  Worth:   Bull.  74,  1911,  Hyg.  Lab.,  U.  B.  Public  Health  and  Marine- 
ital  Ben  ice. 

13.  Koppe:    Lrch.  f.  exper.  Path.  a.  Pharmakol.,  1876,  iii,  -!7  t. 
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If  the  digitoxin  used  by  Fraenkel  behaved  in  the  way  indicated  by 
him  it  means  that  the  specimen  of  Merck's  digitoxin  employed  by  him 
is  far  more  active  than  any  which  has  been  used  in  experimentation  in 
this  countnr,  and  furthermore,  that  its  behavior  is  much  more  like  that 
of  ouabain,  so  far  as  persistence  of  action  is  concerned,  than  like  that  of 
digitalis. 

No  other  worker  either  in  Europe  or  America  has  ever  reported  such 
activity  for  digitoxin  on  mammals  as  Fraenkel  has  reported  in  this  series 
of  experiments,  so  far  as  I  am  aware,  and  I  believe  that  Fraenkel's  results 
with  repeated  injections  disprove  his  own  statement  as  to  the  lethal  dose 
of  this  drug,  if  by  lethal  dose  we  are  to  understand  the  amount  which 
will  kill  at  least  half  of  the  animals  in  a  series  through  the  action  on  the 
heart. 

There  is  little  doubt  that  when  an  animal  is  made  ill  by  the  injection 
of  one  of  the  digitalins  it  is  more  apt  to  succumb  to  more  or  less  acci- 
dental conditions  during  a  prolonged  confinement  than  is  a  normal  ani- 
mal, and  I  believe  it  to  be  wholly  erroneous  to  attribute  all  the  deaths 
which  occur  in  ten  days  or  more  after  the  administration  of  a  single  dose 
of  the  digitalins  to  the  cardiac  action  of  the  drug. 

It  might  be  urged  that  digitoxin  behaves  differently  after  subcutane- 
ous and  intravenous  injections;  I  have,  therefore,  repeated  Fraenkel's 
experiments  to  the  extent  of  injecting  repeated  doses  of  less  than  50  per 
cent,  of  the  fatal  dose  subcutaneously.  In  these  experiments  the  cats 
received:  0.6  mg.  per  kg.  of  body-weight  in  four  days;  0.75  mg.  per  kg. 
in  five  days;  and  0.7  mg.  per  kg.  in  three  injections  in  six  days,  before 
death  resulted.  These  results  agree  very  well  with  those  reported  by 
Fraenkel  so  far  as  the  actual  amounts  administered  are  concerned.  I 
am  therefore  forced  to  the  conclusion  that  the  so-called  fatal  dose  of  digi- 
toxin as  determined  by  Fraenkel,  can  be  fatal  only  under  very  exceptional 
conditions,  and  is  of  no  value  whatever  in  determining  the  persistence  of 
action  of  digitoxin. 

This  misconception  of  the  activity  of  digitoxin  appears  to  have  led 
Fraenkel  into  another  error.  He  concluded  that  the  interval  of  time 
which  must  elapse  after  a  digitalis  principle  enters  the  circulation  before 
its  action  on  the  heart  is  induced  must  be  proportional  to  the  chemical 
affinity  existing  between  the  drug  and  the  tissue  on  which  it  acts,  whereas 
the  duration  of  the  action  must  depend  on  the  stability  of  the  combina- 
tion of  drug  and  tissue. 

The  truth  of  this  conclusion,  based  on  theoretical  considerations, 
seems  self-evident ;  nevertheless  it  was  based  on  a  wholly  erroneous  idea, 
in  that  Fraenkel  believed  that  the  action  of  digitoxin  on  the  heart  was 
not  exerted  for  many  hours  after  its  introduction  into  the  blood-stream. 
and  he  states  that  even  sixty  hours  may  elapse  after  the  administration  of 
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a  toxic  dose  before  this  cardiac  action  is  induced.  It  is  obvious  that  he 
fell  into  this  error  partly  because  of  his  erroneous  belief  that  he  was 
administering  a  highly  toxic  dose,  when,  in  reality,  he  was  administering 
only  a  small  part  of  the  fatal  dose. 

~  It  is  perfectly  true  that  digitoxin  does  not  exert  its  full  action  imme- 
diately after  the  injection  of  small  amounts  into  the  circulation,  but  death 
may  mult  in  about  five  minutes  after  injection  of  about  twice  the 
ordinary  fatal  dose  of  digitoxin  directly  into  the  veins  of  the  cat  or  dog. 
When  a  very  large  dose  of  digitoxin  is  injected  directly  into  the  veins  the 
action  is  induced  with  amazing  swiftness,  the  heart  stopping  suddenly 
almost  without  warning  on  its  part. 

The  belief  which  is  well  nigh  universal,  that  digitoxin  is  an  extra- 
ordinarily toxic  substance,  is  based  mainly  on  the  well-known  experiment 
in  which  Koppe13  administered  to  himself  by  the  mouth  three  doses  of 
digitoxin  amounting  altogether  to  3.5  mg.  in  a  period  of  five  days.  2  tag. 
having  been  taken  four  days  after  the  second  dose  of  1  mg. 

Since  Koppe  had  previously  given  a  rabbit  4  mg.  of  the  digitoxin 
subcutaneously  without  causing  death,  there  is  little  doubt  that  he  was 
extraordinarily  susceptible,  or  that  his  illness  following  the  taking  of  the 
digitoxin  was  due  to  other  causes  in  part. 

COXCLUSIOXS 

In  presenting  the  results  of  my  experiments  I  would  not  intimate  a 
belief  that  the  last  word  had  been  spoken  concerning  the  persistence 
action  of  the  digitalins  or  the  so-called  cumulation  of  these  bodies,  but  I 
do  believe  that  my  results  afford  a  starting  point  for  investigating  the 
subject  anew. 

It  is  obvious  that  the  rabbit  is  not  suited  for  these  Btndies  and  that 
the  cat  serves  the  purpose  better  than  the  dog.     The  injection  of  the 

talins  directly  into  the  circulation  affords  so  much  great  racy 

of  observation  than  the  oral  and  Bubcutaneous  routes,  that  the  former 
od  alone  should  be  used  forthi  ;ations. 

-  in  the  heart-rate  of  the  cal  and  the  rabhjt  occur 
independently  of  the  administration  of  the  digitalins  thai   they  afford 
very  little  information  concerning  the  persistence  of  action  of  these  drugs. 

The  several  digitalins  vary  widely  in  their  toxicity  for  any  given 
species  i  '.  and  the  different  apecies  of  animals  Bhow  enormous 

diffen  qci  -  in  susceptibility  to  a  given  digitalin,  but  bo  far  as  I  have  been 
able  to  determine,  as  the  result  of  a  large  number  of  experiments,  the 
various  digitalin-  maintain  their  relative  positions  in  order  of  toxicity, 
of  the  animal  used  for  the  determination  provided  thai  the 
drug  is  introduced  directly  into  the  circulation;  bul  the  absorption  of 
dies  from  the  gastro-intestinal  tract  riable  that  t: 
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which  follow  the  oral  administration  afford  no  clue  to  the  activity  which 
they  will  exert  when  they  are  injected  directly  into  the  circulation. 

It  remains  for  the  clinician  to  determine  whether  it  will  be  advan- 
tageous in  a  given  condition  to  utilize  the  prolonged  actions  of  digitalis 
and  digitoxin  or  the  briefer  actions  of  strophanthus  and  digitalin,  but  it 
seems  more  than  probable  that  the  more  persistent  action  will  be  found 
preferable  in  certain  chronic  cardiac  conditions,  whereas  the  less  lasting 
digitalin  action  probably  will  be  preferred  in  certain  conditions  such  as 
acute  cardiac  dilatation. 

It  is  of  the  first  importance  to  the  clinician  to  know  that  the  various 
digitalins  are  synergistic  in  their  action,  and  that  when  one  member  of 
the  group  is  used  in  such  a  way  that  its  action  is  elicited  promptly  (as 
after  intramuscular,  or  intravenous  injection)  during  the  period  when  the 
action  of  a  previously  used  digitalin  persists,  the  dose  of  the  drug  so  used 
must  be  regulated  carefully  because  inattention  to  this  detail  may  result 
disastrously. 

summary 

The  production  of  the  phenomena  commonly  called  '"cumulation"  of 
the  digitalins,  depends  on  the  relationships  existing  among  a  number  of 
factors,  including  absorption,  elimination  and  persistence  of  action,  all  of 
which  are  in  need  of  investigation.  The  use  of  the  term  cumulation  tends 
to  perpetuate  a  misconception. 

The  actions  of  the  digitalins  persist  for  periods  of  time  which  vary 
widely  with  the  different  members  of  the  group,  and  with  the  species  of 
animal  employed. 

The  actions  of  digitoxin  and  digitalis  persist  longer  than  do  those  of 
the  other  digitalins  in  common  use. 

The  cat  shows  this  persistence  of  digitalis  action  much  longer  than 
the  clog,  rabbit  or  white  rat. 

The  cardiac  actions  of  a  single  very  large  intravenous  dose  of  digitalis 
or  digitoxin  may  persist  for  a  full  month  in  the  cat,  but  for  only  a  few 
hours  in  the  rabbit. 

The  actions  of  the  largest  sublethal  dose  of  digitalin,  ouabain  or 
strophanthus  persist  for  only  a  day.  or.  at  most,  a  few  days,  in  the  cat. 

It  remains  for  the  clinician  to  determine  whether  the  long-lasting 
action  of  digitalis  or  the  briefer  action  of  strophanthus  is  to  be  preferred 
in  a  given  condition  of  cardiac  disease,  but  strophanthus  cannot  rival 
digitalis  in  general  use  until  we  learn  more  of  the  conditions  governing 
its  absorption  from  the  gastro-intestinal  tract,  and  of  this  we  know  prac- 
tically nothing  at  present. 

Careful  regulation  of  the  therapeutic  dosage  of  the  digitalins  is 
necessary  in  order  to  avoid  accidents.  This  is  especially  necessary  when 
they  are  used  in  such  a  way  that  the  action  is  elicited  promptly  during 
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the  period  when  the  action  of  a  previously  used  digitalin  persists,  and  in 
this  connection  it  must  be  remembered  that  every  digitalin  is  a  synergist 
of  every  other  member  of  the  group. 

All  of  the  digitalins  maintain  their  relative  position  with  regard  to 
activity^  so  far  as  we  have  tested  them  on  different  mammals,  by  intra- 
venous injection,  and  digitoxin  has  never  been  found  by  any  observer  to 
be  as  active  as  crystalline  ouabain  when  tested  on  mammals  in  this  way  : 
hence  there  is  no  suffii  sou  for  tin-  wide-spread  belief  that  digitoxin 

is  enormously  toxic  for  man.  as  compared  with  other  digitalins. 

Xo  fixed  ratio  of  activity  can  be  determined  for  the  digitalins  when 
they  are  administered  orally,  because  of  great  differences  in  the  rate  of 
absorption  from  the  gastro-intestinal  tract. 

The  full  effects  of  moderately  large  doses  of  digitoxin  are  not  e.v 
on  the  heart  at  once  even  when  they  are  administered  intravenou.-lv.  but 
severe  symptoms  of  poisoning  may  be  elicited  in  a  few  seconds,  and  death 
may  occur  within  two  minutes,  after  the  intravenous  injection  of  a  very 
large  dose  of  digitoxin. 

The  rabbit  eliminates  certain  of  the  digitalins.  at  least,  with  a  rapidity 
hitherto  unsuspected,  and  previous  studies  of  the  so-called  cumulative 
actions  of  these  bodies,  in  which  they  were  administered  orally,  or  sub- 
cutaneously  to  rabbits,  lead  to  wholly  erroneous  conclusions. 

Changes  in  the  pulse-rate  amounting  to  fifty  beats  per  minute  occur 
spontaneously  in  the  cat  and  the  rabbit,  and  large  doses  of  digitalis  often 
fail  to  elicit  any  constant  changes  in  the  pulse-rate  of  these  animals: 
hence  such  chai  -  may  occur  after  the  administration  of  the  digitalin- 

to  these  animal-  afford  no  trustworthy  indication  of  the  persistence  of 
action    of   the   digitalins.      (See   protocol  of  experiment,  p.  273.) 

Further  studies  of  the  digitalin-  are  in  progress  in  this  laboratory, 
among  the  problems  under  investigation  being  those  of  absorption  from 
the  gafitro-intestinal  trad  ;  the  rate  at  which  the  digitalins  leave  the  blood- 
stream; their  elimination  from  tin-  organism  ;  their  storage  in  the  tissues, 
and  their  persistence  of  act  inn. 

I  wish  to  acknowledge  my  indebtedness  to  Mr.  M.  I.  Smith,  "no  of  my  Btudenta, 
for  assistance  in  carrying  ouf  man]  oi  tin-  experiments  in  tlii-  research. 
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THE     FAT     METABOLISM     OF     LIPOMAS* 
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There  is  a  widespread  belief  that  the  fats  of  lipomas  are  not  available 
to  the  host  as  a  source  of  reserve  food-supply.  This  is  based  on  certain 
reputed  instances  in  which  the  bearer  of  a  lipoma  is  said  to  have  become 
greatly  emaciated  from  some  intercurrent  disease,  notwithstanding  which 
the  lipoma  has  either  remained  its  original  size  or  has  even  continued  to 
grow.  Specific  cases  in  which  such  occurrences  have  been  accurately 
observed  and  reported  are,  however,  difficult  to  find. 

Shattock,1  in  an  interesting  discussion  of  "Localized  Fatty  Deposits," 
has  commented  on  this  paucity  of  evidence.  He  himself  knew  of  but 
two  such  reputed  cases,  and  reinvestigation  of  some  of  the  supposed 
lipomas  in  one  of  these  cases  showed  them  to  be  caseous  lymph-nodes. 
Furthermore,  he  mentions  a  third  case  in  which  a  subcutaneous  lipoma 
did  decrease  in  size  during  the  emaciation  of  the  patient.  A  diligent 
search  of  the  literature  has  not  revealed  to  me  many  positive  observations 
on  this  point. 

Askanazy2  reports  the  presence  of  multiple  lipomas  (which  he  looks 
on  as  a  replacement  of  lymph-nodes  by  fat,  comparable  to  the  normal 
involution  of  the  thymus)  in  a  woman  who  became  emaciated  because 
of  a  thyroid  sarcoma;  but  he  does  not  state  whether  the  lipomas  grew 
or  diminished  in  size  during  the  emaciation.  Under  the  caption  of 
"Subperitoneal  Lipomata,"  Campbell3  reports  a  case  in  which  the  tumor 
increased  in  size  during  the  progress  of  emaciation,  but  the  tumor  was 
in  reality  a  fatty  sarcoma,  and  hence  falls  outside  the  limits  of  this 
problem.  Adami4  also  states  that  in  the  huge  retroperitoneal  lipomas 
it  is  noticeable  that  the  mass  continues  to  grow  and  to  enlarge  at  the 
expense  of  the  rest  of  the  body,  while  the  normal  fat  deposits  are  being 
exhausted  by  the  emaciating  patient.     This  feature  seems  prominent  in 


*From  the  Pathological  Laboratory  of  the  University  of  Chicago. 
*Submitted  for  publication  July  18,  1912. 

1.  Shattock:   Proc.  Royal  Soc"  Med.,  1909,  ii,  176. 

2.  Askanazy:  Virchow's  Arch.  f.  path.  Anat.,  1899,  clviii,  408. 

3.  Campbell:  Brit.  Med.  Jour.,  Nov.  28,  1903,  p.  1397. 
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most  of  the  fatty  tumors  which  arise  in  the  retroperitoneal  region,  as 
is  brought  out  in  the  compilation  of  eighty-one  cases  by  Yoeekler,3  most 
of  which  showed  cachexia. 

The  nature  of  these  tumors  is  somewhat  uncertain  —  they  are  more 
cellular  than  ordinary  lipomas,  have  a  great  tendency  to  myxomatous 
change,  and  resemble  malignant  tumors  in  their  fatal  outcome  and  in 
the  tendency  to  recur  after  removal.  In  not  a  few  there  is  an  actual 
sarcomatous  transformation  of  the  tumor,  which  is  especially  likely  to 
be  observed  in  the  recurrent  growths,  as  in  Yoecklers  case.  These 
tumors  of  the  perirenal  fat  tissue  are  not  exactly  comparable  with  sub- 
cutaneous lipomas,  but  they  do  present  in  a  conspicuous  way  the  ability 
of  tumors  to  lay  up  a  deposit  of  fat  which  the  emaciating  body  cannot 
use  for  its  own  purposes.  Therefore,  tumor  cells  can  not  only  build  up 
their  own  cellular  structure  of  proteins  which  are  inaccessible  to  the 
rest  of  the  wasting  body,  but  they  can  also  lay  on  and  withhold  fat. 
which  seems  in  all  respects  to  resemble  the  normal  stored  food.  Since 
normal  tissues  do  not  ordinarily  store  fat  for  their  own  use,  but  for  the 
of  the  entire  organism,  this  holding  of  fat  by  tumor  cells  when  the 
rest  of  the  body  needs  it,  is  entirely  out  of  harmony  *rith  normal  fat 
metabolism  and  challenges  explanation. 

Although  many  of  the  text-books  on  general  pathology  and  path' 
of  tumors  entirely  omit  mention  of  this  property  of  Lipomi  .off, 

Senn,  Bland-Sutton,  Delafield  and  Prudden,  Beattie  and  Dickson. 
American  Text-Book),  yet  there  are  several  whicl  -neral  state- 

ments   without    specific    references    or    data.      Boi>t';    states    that 
autonomy  of  lipomas  is  shown  by  the  fact  that  when,  in  the  course  i 
general  emaciation,  the  physiologic  fat  depots  of  the  body  disappear, 
existing  lipoma   will    remain    unaffected,   or   even    continue   to   grow; 
further,  it  is  also  frequently   observed   that  lipomas  may  develop  on 
extremely    emaciated    individuals.      Kaufmann7    says    that    in    ge] 
emaciation  of  the  host.  II  o  not  participate,  which  illustrates  well 

the  indi  the  tumors.     Ziegler,  in  his  General    Pathol 

Dot  take  pla<  e  in 
case  of  extra  al  emaciation  of  the  individual."  ' 

That  fat  in  lipomas  irily  unavailable  to  t!  e  organism  is 

shown  by  certain  □  which  absorption  of  the  tum<  occurred. 

3e  previously  quoted  from  Shattock.1    M<-t  striking 

the  case  described  by  B  \      an,  3]  years  old,  had  a  five-pound 

Lipoma  excised   from  the  thigh.     I  later  hundn  ■".all 

fatty  ti.  »ody,  and   persisted  and  d( 


6.  Voecl  '•  r:    Di  utach.  Ztschr.  f.  Chir.,  11  149. 

•     Die  Lehre  von  den  Geschwtllste,  1,  187. 

7.  Kaufmann:  Spezielle  Pathologie,  1911,  ed.  6,  p.  1312. 

8.  Quote!  l>y  Warthin,  Reference  Eandb.  Med.  Be. 
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about  forty  years,  until  the  man  was  nearly  70  years  old.  He  then 
began  to  suffer  from  dysphagia,  "which  caused  emaciation.  This  at  first 
did  not  affect  the  tumors,  but  after  several  weeks  the  emaciation  became 
extreme  and  the  tumors  diminished.  Death  finally  resulted  from 
starvation.  At  autopsy  no  trace  of  fat  was  found  in  the  normal  fat 
deposits.  A  large  fatty  tumor  surrounded  the  esophagus  for  the  greater 
part  of  the  extent,  occluding  the  lumen.  Other  fatty  growths  were 
found  in  many  places.  Many  of  the  tumors  had  lost  their  fat  and  con- 
sisted of  fibrous  tissue;  the  others  presented  the  appearance  of  fibro- 
lipomata.  The  classification  of  such  a  tumor,  with  sudden  dissemination 
like  a  cancer,  but  of  essentially  benign  course,  is  a  difficult  matter,  and 
this  uncertainty  makes  the  true  significance  of  this  remarkable  case 
questionable. 

Baker9  reports  a  case  in  which  multiple  cervical  lipomas  became 
reduced  in  size  (to  one-half  or  one-third  their  original  size)  during  a 
period  of  emaciation  brought  about  by  some  obscure  lung  disease, 
increasing  in  size  again  later.  Unfortunately  the  report  lacks  many 
details  necessary  to  carry  conviction  as  to  the  fatty  nature  of  the  tumors. 
According  to  the  statistics  of  Madelung,10  the  diffuse  fatty  tumors  of 
the  neck  are  characterized  by  independence  from  the  general  body 
condition.  He  himself  observed  a  case  in  which  emaciation  of  the  patient 
from  pulmonary  disease  had  no  effect  on  the  growth  in  the  neck.  Of 
the  cases  in  the  literature  collected  by  him,  some  of  the  patients  were 
well  nourished,  none  obese,  some  were  thin  or  even  emaciated.  Of  these, 
Kuster's  case  showed  a  cessation  of  growth  in  the  lipoma  when  the 
patient  became  emaciated  (from  "gastric  disorder"),  but  the  lipoma  did 
not  diminish  in  size. 

It  is  indeed  difficult  to  understand  how  the  fat  of  a  lipoma  can  exist 
as  it  does,  in  intimate  relation  to  the  blood-vessels,  and  not  be  utilized 
when  the  host  needs  fat.  We  know  of  no  anatomic  peculiarity  that  can 
explain  such  anomalous  deportment  on  the  part  of  the  fatty  areolar 
tissue  of  lipomas.  As  Shattock  has  emphasized,  the  lipomas  are  struc- 
turally comparable  to  certain  normal  localized  fat  deposits,  e.  g.,  the 
"hump"  of  the  dromedaries,  the  fat-tailed  sheep,  the  steatopygous  masses 
of  Hottentots,  etc.,  yet  all  these  deposits  are  drawn  on  when  needed  for 
nutriment.  The  camel  starts  off  on  a  journey  across  the  desert  with 
full  and  erect  humps  and  reaches  its  destination  with  the  humps  reduced 
to  pendant,  flabby  bags  of  skin.  On  the  other  hand,  more  comparable 
with  the  reputed  behavior  of  lipomas,  are  the  sucking  cushions  in  the 
cheeks  of  infants,  which  persist  during  emaciation. 


9.  Baker:  Tr.  Path.  Soc,  London,  1879,  xxs,  417. 
10.  Madelung:  Arch.  f.  klin.  Chir.,  1888,  xxxvii,  106. 
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CHEMISTRY    OF    NORMAL   AND   LIPOMA    FAT 

A  chemical  difference  between  the  lipoma  fat  and  the  fat  of  the 
normal  fat  depots  might  explain  this  unavailability  of  lipoma  fat,  but 
no  such  difference,  of  sufficient  magnitude  to  be  revealed  by  existing 
chemical  methods,  has  been  found.  The  careful  study  of  lipoma  fat  by 
Jaeckle11  showed  a  remarkably  close  resemblance  to  normal  subcutaneous 
human  fat.    In  the  fatty  >f  adiposis  dolorosa  Edsall12  found  the 

fat  quite  similar  to  normal  fat. 

Failing  adequate  explanation  by  structure  or  chemical  composition, 
it  might  be  imagined  that  there  is  a  deficiency  or  abnormality  of  the 
enzymes  of  fat  metabolism  in  the  connective  tissues.  This  possibility 
has  not  been  investigated  previously.  According  to  the  investigations  of 
fat  metabolism  by  Kastle  and  Loevenhart,  the  storage  of  fat  by  tissues 
depends  on  the  presence  in  these  tissues  of  the  enzyme  lipase,  which  acts 
reversibly,  either  to  split  fat  into  fatty  acids  or  glycerin,  or  to  synthesize 
fat  from  these  diffusible  constituents  as  they  are  provided  by  the  blood; 
the  direction  of  the  reaction  depending  on  the  conditions  of  equilibrium. 
One  might  imagine  that  absence  of  lipase  from  lipomas  might  account 
for  the  inability  of  the  fats  to  be  rendered  available  to  the  body ;  however, 
in  this  case  the  storage  of  the  fat  in  the  lipoma  would  be  difficult  to 
explain.  Bearing  on  this  hypothesis  is  the  observation  of  Loevenhart,13 
that  watery  extracts  which  he  prepared  from  the  retroperitoneal  and 
pericardial  fat  had  less  lipolytic  activity  than  extracts  from  subcutaneous 
fats,  and  thai  the  two  former  fats  are  absorbed  less  rapidly  during 
emaciation  than  are  the  subcutaneous  fats. 

We  have  tested  the  lipolytic  activity  of  a  number  of  lipomas 'kindly 
supplied  us  by  surgical  friends,  and  also  specimens  of  human  Fat  tisE 
At  first  attempts  were  made  to  observe  autolipolysis  of  the  Fatty  tissues, 
by  contrasting  the  dev<  topment  of  acid-  in  fresh  Fatty  tissue  or  lipomas 
with  "boiled  portions  of  thi  experiments  all  fai 

because  the  antiseptics  (toluene,  chloroform)  are  talon  up  to  such  an 
extent  by  the  fats  thai  putrefaction  occurs  even  in  the  presence  of  a 
large  amount  of  antis<  pi  ic.  We  thi  refi  i  .  i  re  obligi  d  totremove  the  fat 
by  extracting  the  tissue  with  ether  as  rapidly  as  .  until  Free  from 

Fat.  then  grinding  and  drying  the  extracted  residue,  which  could  then 
be  kept  until  wanted.  We  have  no  means  of  knowing  to  hovi  greal  an 
extent,  if  any,  the  lipase  is  injured  by  this  proceeding,  \>ui  ii  is  no1 
destroyed.    Such  extracted  tissues  when  added  to  natural  fata  and  simpler 

rs  in  watery  solutions  or  emulsion  cause  marked  hydrolysis,  bul  any 
quantitative  results  obtained   in  Buch  are  worthless. 


II.  Jaeckle:   Zeitechr.  f.  physiol.  Chem.,  1902,  xxxvi 
dsall:   Amer.  Jour.  Med.  Be,  190  !  994. 

18,  Loevenhart:    Am.  Jour.   Physiol.,   1902,  vi,  Ml. 
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proportion  of  stroma,  blood-vessels,  fascia,  etc.,  in  such  tissue,  the 
manipulations  necessary  in  preparing  the  material  and  the  unnatural 
conditions  under  which  the  lipolysis  is  carried  out,  must  necessarily  have 
so  much  influence  on  the  results  obtained  with  any  sample  of  tissue  that 
these  results  cannot  be  considered  as  reflecting  the  lipolytic  activity  of 
this  tissue  in  its  natural  condition.  All  we  can  say  is  that  our  tissues  as 
prepared  are  or  are  not  possessed  of  thermolabile  lipolytic  activity.  In 
the  experiments  were  used  natural  human  fat,  lipoma  fat,  olive  oil,  ethyl 
butyrate  and  triacetin.  The  latter  glycerol  ester,  which  is  recommended 
by  Taylor,14  seems  to  be,  as  he  maintains,  the  best  for  experimental  study 
of  lipolysis,  because  it  is  water  soluble  and  yet  is  a  triglycerid.  The 
insoluble  fats  are  too  slowly  attacked  by  lipase  because  of  the  small 
surface  for  action  which  they  exhibit  even  when  emulsionized,  while  such 
simple  soluble  esters  as  ethyl  butyrate  are  chemically  too  dissimilar  to  the 
triglycerids  of  natural  fats  to  make  them  valuable  indicators  of  the 
normal  lipases  which  split  triglycerids. 

EXPERIMENTS 

The  experiments  were  conducted  as  follows: 

One-half  gram  of  the  powdered  tissue  was  placed  in  50  c.c.  of  water  to 
which  2  c.c.  toluene  was  added,  and  then  2  to  4  c.c.  of  the  fat  or  ester  was  added, 
as  indicated  in  the  tables.  The  various  experiments  were  performed  at  different 
times,  and  through  an  oversight  the  amounts  of  fats  and  esters  used  were  not  the 
same  in  each  case.  This,  however,  is  not  a  matter  of  great  importance,  for  the 
results  are,  as  previously  emphasized,  qualitative  only  and  not  quantitative. 
Phenolphthalein  was  used  as  the  indicator,  and  titration  was  made  with  n/10 
IsTaOH  and  HC1,  the  figures  given  representing  cubic  centimeters  of  the  n/10 
alkali  required  to  neutralize.  Neutralization  was  done  at  various  intervals,  the 
length  of  which  probably  has  some  influence  on  the  total  results,  for  it  is  evident 
from  the  data  given  that  with  each  tissue  the  amount  of  acid  formed  is  not  very 
different  whether  the  interval  is  one,  two,  or  several  days,  suggesting  that  after  a 
certain  degree  of  acidity  is  reached,  there  begins  to  be  an  inhibition  of  the  hydrol- 
ysis. With  all  specimens,  it  will  be  noticed,  there  was  more  hydrolysis  when  the 
tissue  that  had  been  heated  in  boiling  water  for  thirty  minutes  was  present  than 
when  there  was  only  water,  indicating  that  there  is  some  thermolabile  agent 
which  accelerates  hydrolysis.  There  is,  however,  in  every  case  except  that  of 
the  action  of  the  fibrosarcoma  on  lipoma  fat  and  olive  oil,  a  definite  excess  of 
hydrolysis  in  the  presence  of  unboiled  tissues,  whether  lipomas,  sarcomas  or 
normal  fat  tissue.  There  are,  however,  no  quantitative  differences  which  seem 
striking  enough  to  be  of  any  significance  whatever  under  the  conditions  of  the 
experiment.  Usually  there  is  considerable  more  hydrolysis  by  boiled  tissues  than 
by  water  alone,  but  we  have  not  sufficient  data  to  permit  of  speculation  as  to 
whether  this  indicates  a  thermostabile  lipase,  or  an  excess  of  hydrolysis  by  water 
in  the  presence  of  colloids. 

The  materials  used  were  as  follows: 

Lipoma  X. — Mixed  material,  obtained  by  removing  fat  from  three  subcutaneous 
lipomas  from  different  persons. 

Lipoma  A. — Tissue  from  a  single  large  subcutaneous  lipoma. 


14.  Taylor:  Jour.  Biol.  Chem.,  1906,  ii,  87. 
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Lipoma  B. — Diffuse  lipoma  of  the  neck,  ''Madelung's  Neck" — freed  from  fat. 

Fibrosarcoma. — A  large  retroperitoneal  tumor  from  a  cow,  extracted  with  ether. 

Sarcoma  of  the  Liver. — An  alveolar  sarcoma  of  the  liver  of  a  cow,  not  known 
whether  primary  or  secondary.     Ether  extracted. 

Omental  Fat  Tissue. — Normal  tissue  from  a  moderately  emaciated  tuberculous 
patient,  freed  from  fat  by  ether. 

Perirenal  Fat. — From  same  subject,  ether  extracted. 

Subcutaneous  Fat. — From  the  same  subject,  ether  extracted. 

The  results  of  the  experiments  are  summarized  in  the  accompanying  tables 
1,  2,  3  and  4. 

Table   1. — Triacktix 


Davs  Incubation 


Water  only    ( 2  c.c.  ester)    

Lipoma  X,  boiled  (2  c.c.  ester)    

Lipoma  X,  fresh  (2  c.c.  ester)    

Lipoma  A,  boiled   (2  c.c.  ester)    

Lipoma  A,  fresh    (2  c.c.  ester)    

Lipoma  B,  boiled   (2  c.c.  ester)    

Lipoma  B,  fresh   (2  c.c.  ester)    

Fibrosarcoma,  boiled  (2  c.c.  ester) 

Fibrosarcoma,  fresh    (2  c.c.  ester) 

Sarcoma  of  liver,  boiled  (2  c.c.  ester)    

Sarcoma  of  liver,  fresh   (2  c.c.  ester)    

Omental  fat  tissue,  boiled    (4  c.c.  ester)    ... 

Omental  fat  tissue,  fresh  (4  c.c.  ester)    

Perirenal  fat  tissue,  boiled  (4  c.c.  ester)  .. 
Perirenal  fat  tissue,  fresh,  (4  c.c.  ester)  .. 
Subcutaneous  fat  tissue,  boiled  (2  c.c.  ester) 
Subcutaneous  fat  tissue,  fresh    (2  c.c.  ester) 


0.10 
1.5.3 
4.29 
1.00 
3.40 
2.80 

12.81 
1.91 

10.42 
2.08 

13.11 
3.45 
8.45 
3.20 

11.05 
1.98 
3.1G 


0.39 
1.96 
6.60 
1.30 
5.20 


3.90 
12.42 


2.01 
3.00 


0.51 
•J  77 
6.65 
1.64 
7.12 
2.80 

17.38 
2.41 

13.40 
1.94 

19.08 


3.90 

15.75 

12.71 

.Vim 


0.62 

3.21 
6.80 
2.20 
8.13 


4.59 
15.01 


2.50 
5.30 


14 


0.74 
3.14 
7.1!i 
2.18 
8.46 
2.72 

L7.48 
2.35 

12.60 
2.01 

20.00 
6.45 

23.35 
6.40 

27.00 


Total  P;^ 
Aver. 


2.36 

8.45 
31.43 

8.32 
32.31 

7.32 
47.C7 

6.67 
36.42 

6.03 
52.19 
18.39 
59.23 
13.50 
54.40 

8.30 
16.46 


0.17 
0.60 
2.24 
0.60 
2.30 
0.52 
3.40 
0.47 
2.60 
0.43 
3.73 
1.31 
4.23 
0.96 
3.90 
0.83 
1.65 


Table  2.— 

Ethyl  Butyrate 

■Days  Incubation 

1 

3 

5 

7 

14 

Total 

Daily 
Aver. 

0.14 
0.50 
2.23 
0.89 
:;  66 
1 .39 
4.68 
L.12 
2.36 

8.62 

1 ,56 

•Mill 

0.19 
0.51 
3.04 
0.89 

5.11 

1.78 
4.23 

0.10 
0.60 
3.0L 
0.98 
6.81 
1.31 
,vi;u 
L.18 
2.  si) 

L.48 

7.10 

0.27 
0.46 
2.27 
0.90 
5.Q0 

2.10 

■i.e.;. 

0.31 
O.H7 
4.86 
1.12 
7.42 
1.27 
6.66 
1 . 1  r. 
'J.7C 
I. •.»:> 
0.10 
1.S7 
L0.86 

1.01 

2.7  1 
15.41 

4.38 
28.00 

3.97 
15.83 
-  3.45 

7.92 

7.16 
19.40 

4.85 

0.07 

0.30 

1.10 

«    0.81 

Fibrosarcoma  tissue,  boiled   (4  c.c.  ester)    ... 

2.00 
0.28 
1.13 

Perirenal  fat  tissue,  boiled   (4  <•<•.  ester)  — 

Perirenal   fat  tissue,  fresh    (4  c.c.  ester) 

0.25 
0.56 
0.51 
1.40 
0.35 
1.68 

There   being   do   significanl    difference   between    Lipoma    tissue   and 

ordinary  fatty  areolar  tissue  in  regard  t"  their  activity  in  hydrolyzing 

thought  well  to  Bee  if  tin'  lipoma  I'm  itself  differed  from 
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normal  fat  in  the  degree  or  ease  with  which  it  is  hydroLyzed  by  tissue  and 
pancreatic  extracts.  The  following  experiments  do  not  indicate  that 
lipoma  fat  is  peculiar  in  respect  to  its  hydrolysis  by  pancreatic  lipase. 
Fat  was  obtained  alike  from  lipomas  and  normal  subcutaneous  and 
omental  fat  tissues,  by  extracting  the  fresh  tissues  in  the  cold  with  ether 
and  removing  the  ether  at  low  temperature.     In  two  experiments  5  c.c. 


Table  3. — Lipoma  Fat 


Days  Incubation 


3       | 

5 

7 

14 

Total 

0.08 

0.17 

0.15 

0.20 

0.67 

0.42 

0.60 

0.53 

0.72 

2.44 

0.46 

0.64 

0.42 

0.68 

2.47 

1.10 

0.87 

3.17 

1.45 

1.06 

4.04 

0.51 

0.42 

1.50 

0.58 

0.40 

1.49 

0.12 

0.32 

0.81 

1.20 

0.65 

3.08 

0.60 

1.33 

1.50 

4.03 

1.22 

1.76 

1.74 

6.22 

1.0 

1.42 

2.25 

2.0 

1.89 

5.71 

Daily 
Aver. 


Water  alone    ( 2  c.c.  fat)    0.07 

Lipoma  A,  boiled  (2  c.c.  fat)    0.17 

Lipoma  A,  fresh    (2  c.c.  fat)    0.27 

Lipoma  B,  boiled    (2  c.c.  fat) 1.20 

Lipoma   B,   fresh    (2   c.c.   fat) 1.53 

Fibrosarcoma,  boiled   (2  c.c.  fat) 0.57 

Fibrosarcoma,  fresh    (2  c.c.  fat) 0.51 

Sarcoma  of  liver,  boiled  (2  c.c.  fat) 0.37 

Sarcoma  of  liver,  fresh  (2  c.c.  fat) 1.23 

Omental  tissue,  boiled  (4  c.c.  fat) 0.60 

Omental  tissue,  fresh    (4  c.c.  fat) 1.50 

Perirenal  fat.  boiled   (4  c.c.  fat) 0.83 

Perirenal  fat,  fresh   (4  c.c.  fat) 0.82 


0.05 
0.17 
0.17 
0.23 
0.29 
0.11 
0.11 
0.06 
0.22 
0.29 
0.44 
0.16 
0.41 


Table  4. — Olive  Oil 


Days  Incubation 


1    j 

3 

5 

7 

14 

Total 

0.06 

0.0 

0.1 

0.0 

0.1 

0.26 

0.0 

0.0 

0.0 

0.0 

0.09 

0.09 

O.05 

0.03 

0.14 

0.13 

0.20 

0.55 

0.61 

0.32 

0.22 

0.17 

0.25 

1.57 

0.0 

0.0 

0.0 

0.14 

0.10 

0.24 

0.17 

0.28 

0.24 

0.36 

0.42 

1.47 

0.30 

0.13 

0.05 

0.48 

0.40 

0.15 

0.07 

0.52 

0.23 

0.07 

0.27 

0.57 

1.36 

0.58 

0.58 

2.52 

0.0 

0.0 

* 

* 

1 

1.12 

0.47 

1.70 

0.87 

4.16 

0.15 

0.20 

0.56 

0.91 

1.75 

1.00 

2.56 

5.31 

Daily 
Aver. 


Water  alone  (2  c.c.  oil) 

Water  alone  (2  c.c.  oil)    

Boiled  lipoma  tissue  X  (2  c.c.  oil)  . 
Fresh  lipoma  tissue  X  (2  c.c.  oil)  . 
Boiled  lipoma  tissue  A  (2  c.c.  oil)  . 
Fresh  lipoma  tissue  A   (2  c.c.  oil)  . 

Boiled  fibrosarcoma  (2  c.c.  oil) 

Fresh  fibrosarcoma  (2  c.c.  oil) 

Sarcoma  of  liver,  boiled  (2  c.c.  oil) 
Sarcoma  of  liver,  fresh  (2  c.c.  oil)  . 
Omental  tissue,  boiled  (4  c.c.  oil)  . 
Omental  tissue,  fresh  (4  c.c.  oil)  . 
Perirenal  fat,  boiled  (3  c.c.  oil)  .  .  . 
Perirenal  fat,  fresh    (3  c.c.  oil)... 


0.02 
0.01 
0.04 
0.11 
0.02 
0.11 
0.03 
0.04 
0.04 
0.18 
? 

0.30 
0.O6 
0.38 


*Infected 


lipoma  fat  and  5  c.c.  normal  fat  were  each  acted  on  by  50  c.c.  of  a  10  per 
cent,  emulsion  of  fresh  dog  pancreas.  The  mixture  was  first  neutralized 
to  phenolphthalein,  then  after  six  days  in  the  incubator  (with  toluene) 
the  watery  emulsion  was  approximately  neutralized  with  n/10  ISTaOH. 
After  further  incubation  for  two  weeks  in  Experiment  B,  and  three  weeks 
in  Experiment  A,  the  emulsions  were  shaken  out  with  equal  volumes  of 
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ether  -which  had  been  neutralized  to  phenolphthalein.  and  the  ethereal 
extracts  washed  by  shaking  out  with  water.  The  resulting  ethereal  extract 
was  titrated  with  n/10  alcoholic  XaOH,  and  the  results  were  found  to 
agree  with  each  other  as  closely  as  could  be  expected  with  the  materials 
and  methods  —  as  shown  in  Table  5. 


Table  5. — CoirpARisox  of  the  Hydrolysis  of  Lipoma   Fat  and  Normal  Fat 


Normal  Fat 


A.  Titration  in  H20  sol.,  5  daj  9. . . 

B.  Titration  in  H:0  sol.,  5  day-.    .  . 

A.  Titration  in  ether  sol.,  3  weeks 

B.  Titration  in  ether  sol..  2  weeks. 


90.S 
59.4 
36.15 

■2-2.:\ 


SUMMARY 

The  literature  lacks  satisfactory  evidence  to  establish  the  generally 
accepted  statement  that  simple  subcutaneous  lipomas  do  not  give  up  their 
fat  to  the  body  during  emaciation,  although  there  are  certain,  more  or 
incomplete  observations  in  support  of  this  contention,  and  also  definit'- 
cases  Avhich  are  entirely  at  variance  with  it;  there  is  no  question  that  it 
is  correct  for  fatty  sarcoma-.  All  reported  analyses  indicate  that  the  fats 
of  lipomas  are  identical  with  the  fats  of  normal  fat  deposits.  A  series  of 
experiments  has  also  failed  to  indicate  any  lack  of  ability  on  the  part  of 
lipoma  tissue  to  hydrolyze  various  fats  and  esters  which  are  also  hydro- 
lyzed  by  normal  fatty  areolar  tissues.  No  reliable  method  could  be  (Jevi 
which  would  indicate  whether  lipomas  and  normal  fat  tissues  differ  in 
their  quantitative  action  on  fat-  and  esters.  Lipoma  fat  is  hydrolyzed  by 
pancreatic  lipase  as  readily  ..  mal  human  adipose  tissue. 


THE   UTILIZATION    OF   PABENTEEALLY   INTRODUCED 

SEEUM  * 

J.    HAROLD    AUSTIN,    M.D.,    and    ARTHUR    B.    EISEXBREY,    M.D. 

PHILADELPHIA 

The  question  as  to  how  completely  foreign  proteins  introduced 
parenteral!}-  can  be  utilized  by  the  animal  organism  is  one  that  has  been 
under  discussion  and  investigation  for  more  than  forty  years.  The 
earliest  method  of  attack  was  that  of  injecting  a  protein,  such  as  egg- 
white  or  foreign  blood-serum  and  testing  the  urine  f ot  coagulable  protein, 
on  the  assumption  that  if  the  protein  could  not  be  utilized  by  the  body 
it  would  be  eliminated  promptly  in  the  urine  in  coagulable  form.  If, 
therefore,  no  coagulable  protein  was  found  after  such  injection  the  pro- 
tein was  supposed  to  have  been  utilized  by  the  body.  Stokvis,1  Ponfick,2 
Ott3  and  Lilienfeld4  have  reported  experiments  of  this  type  and  have 
found  that  in  the  dog  and  the  rabbit  the  injection  of  egg  albumin  is 
followed  by  albuminuria  while  injection  of  blood-serum  is  not.  Other 
proteins  of  animal  or  vegetable  origin  likewise  varied  in  their  power  to 
produce  albuminuria. 

With  the  development  of  the  precipitin  reaction  a  new  method  of 
approaching  this  problem  was  at  hand.  Hamburger5  studied  the  results 
of  the  subcutaneous  injection  of  egg-white  into  the  rabbit  and  found  that 
the  serum  of  the  rabbit  ceased  within  about  a  day  to  show  the  presence 
of  egg-albumin  by  the  precipitin  test.  He  also  noted  that  on  repeated 
injections  of  egg-white  into  the  rabbit,  it  in  time  ceases  to  react  by  the 


*From  the  John  Herr  Musser  Department  of  Research  Medicine,  University  of 
Pennsylvania ;  aided  by  a  grant  from  the  Committee  on  Scientific  Investigation 
of  the  American  Medical  Association. 

1.  Stokvis,  B.  J.:  Hiihner  Eiweiss  u.  Serumeiweiss  u.  ihr  Verhalten  z. 
thierisch.  Organismus.     Zentralbl.  f.  d.  med.  YVissensch.,  1864,  ii,  596. 

2.  Ponfick:  Exper.  Beitrage  z.  Lehre  v.  d.  Transfusion.  Arch.  f.  path.  Anat. 
u.  Phys.  u.  f.  klin.  Med.,  1875,  Ixii,  273. 

3.  v.  Ott:  Ueber  den  Einfluss  d.  Kochsalzinfusion  auf  d.  verbluteten  Organis- 
mus im  Vergleich  m.  anderen  z.  Transfusion  verwendet.  Fliissigkeiten.  Arch.  f. 
path.  Anat.  u.  Phys.  u.  f.  klin.  Med.,  1883,  xciii,  114. 

4.  Lilienfeld:  Ztsehr.  f.  phys.  u.  diat.  Therap.,  1899.  Quoted  by  Lommel, 
See  Note  11. 

5.  Hamburger,  F. :  Zur  Frage  d.  Immunisierung  zg.  Eiweiss.  YVien.  klin. 
Wchnschr.,  1902,  xv,  1188;  Arteigenheit  u.  Assimilation,  Leipzig-Wien.  1903; 
Hamburger,  F.,  and  v.  Reuss,  A.:  Die  Folgen  parenteral  Injektion  v.  verschieden 
genuinen  Eiweisskorpern.     Wien.  klin.  Wchnschr.,  1904,  xvii,  859. 
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development  of  albuminuria.  Michaelis  and  Oppenheimer6  observed  the 
same  fact  and  noted  that  about  the  time  the  albuminuria  ceases  to  follow 
the  injection,  the  rabbit's  serum  contains  a  specific  precipitin  against 
egg-albumen.  They  advanced  the  hypothesis,  therefore,  that  the  precipitin 
is  a  denaturing  agent  which  takes  part  in  breaking  down  the  foreign 
protein.  This  explanation  cannot  be  applied  to  all  animals,  for  Ham- 
burger found  that  the  dog  is  incapable  of  developing  precipitins  to  foreign 
protein,  as  did  also  Friedenwald  and  Isaac.7  Hamburger  and  Moro8  have 
studied  in  man  and  the  rabbit  the  time  during  which  horse-serum  could 
be  demonstrated  in  the  blood  after  subcutaneous  injection.  In  three 
children  they  found,  by  the  precipitin  test,  horse-serum  (antitoxin)  in 
the  circulating  blood  for  nineteen  to  thirty-one  days  after  injection,  and 
in  each  instance  there  developed  in  the  child's  serum,  two  to  three  days 
before  the  disappearance  of  the  horse-protein  from  the  blood,  a  specific 
precipitin  against  horse-serum.  In  the  rabbit  the  horse-protein  was 
demonstrable  by  the  precipitin  test  for  eight  days,  regardless  of  whether 
a  large  or  a  small  injection  had  been  given;  and  a  specific  precipitin 
against  horse-serum  developed  in  the  rabbit's  blood  between  the  sixth  and 
eighth  days.  , 

Later  Hamburger  and  Sluka9  studied,  both  by  the  precipitin  test  and 
by  determining  the  antitoxic  activity,  the  persistence  of  tetanus  antitoxin 
(horse-serum)  in  the  dog,  goat  and  cat,  after  subcutaneous  injection.  By 
both  methods  they  found  a  p  e  of  the  foreign  protein  in  almost 

undiminished  quantity  for  five  to  seven  days,  at  which  time,  however,  a 
sudden,  rapid  diminution   in  the  quantity  occurred.     To  explain   this 
entire  group  of  findings  with  the  precipitin  test,  Hamburger  has  advanced 
the  hypoth*  sis  that  the  horse-serum  is  distributed  in  the  circulating  blood, 
neither  utilized  nor   excreted,    until    the  body,   after   a    latent    period, 
^lops  the  power  of  breaking  up  the  foreign  protein. 
Friedenwald  and  Isaac,7  however,  have  found  evidence  that  the  sub- 
nee  essential  to  the  precipitin  reaction  and  stimulating  the  formation 
of  a  specific  precipitin  in  the  hosl  is  n"t  identical  with  the  whole  prol 
injected  and   that  the  persistence  of  this  essential  substance  cannot   be 
taken  as  evidence  of  the  persistence  of  the  whole  protein.-   They  have 
injected    horse-serum    into    both    fasting   dogs    and    dogs    on    a    nitrogen 


i;.  Michaelis,  L.,  and  Oppenheimer,  C:  UebeT  Immunit&l  gegen  EiweisskBrper, 
Arch.  f.  Physiol.  (Engelmann),  1902,  Suppl.,  336;  Oppenheimer,  I  .:  Ueber  d. 
Schicksal  d.  mil  Qmgehung  d.  Darmkanals  eingefiihrten  Eiweissstoffe;  Hof- 
meistert  Beitrage  z.  chem.  Phys.  a.  Path.,  1904,  iv,  . 

7.  Friedenwald,  U.,  and  Isaac,  8.:  Weitere  Untersuch.  u.  d.  parenteral  Eii 
rtoffwechael.     Ztschr.  f.  exper.  Path.  a.  Therap.,  1907,  iv,  880. 

s.  Hamburger,  I '..  and  Moro,  E. :  Ueber  «!.  biolog.  nachweisbar  Veranderung 
d.  menschlich.  Blul  nach  <1.  Seruminjektion.    Wien,  klin.  Wehnschr.,  1903,  \\i.  M"'. 

9.  Hamburger,  !■'.,  and  Sluka,  E.i  '  ebei  d.  Verdauungsf&higkeil  d.  Kttrper- 
zellen,  Wien.  klin.  Wehnschr.,  L905,  iviii,  13 
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balance,  and  have  studied  the  elimination  of  nitrogen  in  the  urine,  and 
also,  by  the  use  of  the  precipitin  test  and  the  complement  deviation 
method,  have  studied  the  persistence  of  the  foreign  protein  in  the  serum. 
Their  chemical  studies  were  made,  with  one  exception,  after  subcutaneous 
injection;  the  biological  studies,  after  intravenous  injection.  While  their 
studies  by  the  precipitin  method  confirm  Hamburger's  work,  they  find  by 
the  complement  deviation  method  a  gradual  diminution  of  the  foreign 
protein  in  the  blood,  beginning  in  the  first  twenty  hours  and  continuing 
for  eight  to  ten  days.  Moreover,  in  their  studies  of  the  urine,  they 
observed  almost  always  within  the  first  forty-eight  hours  a  quantitative 
elimination  of  the  nitrogen  injected.  This  result  will  be  discussed  later. 
Studies  based  on  the  nitrogen  elimination  in  the  urine  have  been  of 
two  types :  (1)  those  on  fasting  animals;  (2)  those  on  animals  in  nitrogen 
equilibrium.    We  will  consider  these  separately. 

EXPERIMENTS    OX    FASTIXG    ANIMALS 

Forster10  reports  that  after  injecting  both  egg-white  and  horse-serum 
into  fasting  dogs  an  increased  output  of  urea  occurs.  Lommel11  in  a 
series  of  investigations  on  seven  fasting  dogs  recovered  from  50  to  100 
per  cent,  of  the  nitrogen  (1.5  gm.)  of  swine-serum  introduced  intra- 
venously, and  most  of  this  within  six  to  twelve  hours.  Friedenwald  and 
Isaac  injected  dog-,  horse-  and  goat-serum  and  egg-albumen  subcutane- 
ously  into  dogs  that  had  fasted  from  eleven  to  fourteen  days.  In  all  the 
experiments  they  found  an  increased  output  of  nitrogen  approximating 
the  amount  introduced.  They  quote  also  a  personal  communication  from 
Loewy.  He  studied  the  nitrogen  elimination  of  a  fasting  dog  for  three 
days  before  and  three  days  after  a  transfusion  of  blood  containing  about 
3  gm.  of  nitrogen  (amount  of  blood  determined  by  change  in  weight  of 
donor)  and  noted  after  transfusion  an  increased  elimination  of  1.48  gm. 
In  all  these  experiments  there  was  a  definite  increase  of  nitrogen  elimina- 
tion following  the  nitrogen  injection.  An  experiment  of  Michaelis  and 
Bona12  gave  a  different  result.  They  studied  a  fasting  dog  for  five  days 
before  and  seven  days  after  a  subcutaneous  injection  of  100  c.c.  of  dog- 
serum,  containing  1.15  gm.  nitrogen,  and  obtained  no  increase  in  the 
output  of  nitrogen.  The  value  of  their  results,  as  well  as  those  of 
Friedenwald  and  Isaac,  is  greatly  diminished  by  the  fact  that  their 
injections  were  made  subcutaneously  instead  of  intravenously. 


10.  Forster:  Ztschr.  f.  Biol.,  1875,  xi,  496.     Quoted  by  Friedemvald  and  Isaac, 
Note  7. 

11.  Lommel,   F. :    Ueber  d.   Eiweissabbau  b.   parenteral   Eiweisszufuhr.     Arch, 
f.  exper.  Path.  u.  Pharm.,  1907,  Iviii,  50. 

12.  Michaelis,  L. :   and  Rona,  P.:   Untersuch.  iiber  d.  parenteral  Eiweissstoff- 
wechsel.     Arch.  f.  d.  ees.  Phvsiol.,   1908,  cxxiii,  406. 
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EXPERIMENTS    OX    ANIMALS    IX    XITROGEX    EQUILIBRIUM 

Lommel  brought  four  dogs  into  nitrogen  equilibrium.  Into  three  he 
introduced  dog-serum  intravenously;  the  fourth  received  blood  by  trans- 
fusion. In  none  of  these  experiments  did  he  find  an  increase  in  the 
nitrogen  elimination,  but  when  heated  serum  was  injected  he  obtained 
promptly  a  quantitative  elimination  of  the  nitrogen  injected.  Frieden- 
wald  and  Isaac,  on  the  other  hand,  placed  a  twelve-kilo  dog  on  a  daily  diet 
of  120  gm.  horse  flesh  and  50  gm.  bacon.  They  then  injected,  subcu- 
taneously,  160  c.c.  of  dog-serum  containing  1.37  gm.  nitrogen  and  during 
the  following  four  days  obtained  an  elimination  of  1.51  gm.  of  nitrogen 
in  excess  of  the  nitrogen  of  the  diet. 

It  will  be  seen  that  the  results  obtained  by  these  investigators  are 
far  from  uniform. 

An  experiment  which  is  a  combination  of  the  feeding  and  fasting 
methods  is  the  following:  Carter13  fed  a  dog  by  mouth  until  it  was  in 
nitrogen  equilibrium,  and  then  ceased  feeding  by  this  method  and  gave 
for  thirteen  days  hypodermic  injections  of  peptonized  skimmed  milk  and 
glucose.  He  concluded  as  the  result  of  these  observations  that  it  is  pos- 
sible by  this  method  to  keep  a  dog,  at  least  for  a  short  time,  in  nitrogen 
equilibrium.  His  animal,  however,  received  during  the  thirteen  days  of 
the  injection  period,  quantities  of  glucose  varying  from  32  calories  per 
kilo  to  9  calories  per  kilo  daily — always  a  quantity  below  the  animal's 
caloric  needs.  Still  more  objectionable,  however,  is  the  fact  that  appar- 
ently more  carbohydrates  were  given  on  those  days  on  which  more 
nitrogen  was  given  and  as  undoubtedly  an  increase  in  the  supply  of 
carbohydrates  tends  to  reduce  the  nitrogen  catabolism  the  experiment  is 
atirely  conchiE 

'I'd''  irregularity  in  the   results  obtained  by  different   i  both 

in  Easting  animals  and  those  on  nitrogen  balance  is,  we  think,  explicable, 

and  on  the  basis  of  our  explanation  we  consider  neither  method  suitable 

to  the  stndy  of  the  question  in  hand.    A  fasting  animal,  when  its  stores 

and  «'i'  I'at  haw  been  considerably  reduced,  will  immediately 

deaminate  introduced  protein,  utilize  it  to  supply  its  caloric  needs  and 

niti       i   promptly  as   una.     Almosl    all   the  experimi 

;    in   the   literature  on    fasting  animal-   are  mod    readily   Ana 

ilained.      On    I  r    hand,    it    i-    well    known    that    an    animal    in 

nitri  llibrium   eliminate-   promptly  the  greater   part   of  any  addi- 

tional nitrogen  administered,  and  thus   Friedenwald  and   Isaac's  experi- 

•  ts  in  the  Becond  group  may  he  explained.  If.  however,  an  animal  be 
given  a  nitrogen-free  diet,  containing  sufficienl  carbohydrate  and  fat 
adequati  tion  will  he  red; 


13.  Carter.    II.    s  :    Metabolism    Experiments    in    Artificial    Nutrition.     Tmf 
ABCHIVl  -   l\r.   Mi  D.,  1908,  i.  ' 
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to  a  minimum  representing  simply  the  end-product  of  the  minimal  tissue 
catabolism.  If  now  there  is  administered  a  nitrogenous  substance  which 
can  be  completely  utilized  for  replacing  this  tissue  waste  there  will  be  no 
nitrogenous  residue,  the  cellular  catabolism  will  not  be  increased  and  the 
daily  excretion  of  nitrogen  will  remain  unchanged,  still  representing  the 
daily  cellular  catabolism.  If,  however,  a  nitrogenous  substance  is  admin- 
istered which  cannot  be  utilized  for  rebuilding  tissues,  the  nitrogen  thus 
administered  will  be  excreted  as  well  as  the  nitrogen  of  the  daily  cellular 
catabolism  and  the  daily  nitrogen  elimination  will  be  increased  by  the 
amount  of  nitrogen  administered.  This  method  has  been  used  by 
Michaud14  for  studying  the  extent  of  utilization  of  various  proteins  given 
by  mouth  and  also  more  recently  for  other  purposes  by  McColmm.15  In 
only  one  experiment  in  the  literature,  so  far  as  we  can  determine,  has  the 
question  of  utilization  of  parenterally  introduced  protein  been  approached 
by  this  method.  This  is  one  of  the  experiments  of  Friedenwald  and 
Isaac  in  which  they  placed  a  dog  on  a  nitrogen  poor  (potato)  diet  and 
then  injected  egg-albumin.  In  this  experiment  only  a  slight  increase  in 
the  nitrogen  elimination  followed  the  injection  and  this  was  referable  to 
coagulable  protein.  These  authors,  however,  have  not  used  this  method 
with  other  proteins  and  all  their  chemical  studies  were  made  after  sub- 
cutaneous injections  except  in  one  experiment  in  which  a  fasting  dog 
was  given  horse-serum  intravenously.  \Ye  therefore  believed  it  to  be 
worth  while  to  again  approach  the  problem  from  the  chemical  side,  to 
place  the  animals  on  a  suitable  diet,  use  intravenous  injections  and,  also, 
instead  of  giving  only  one  injection  of  the  protein  to  give  injections  daily 
for  two  or  three  successive  days. 

METHODS 

Our  procedure  has  been  to  place  each  dog  on  a  diet  of  butter,  rendered 
nitrogen-free  by  ether  extraction,  and  of  cane  sugar  in  quantities  suffi- 
cient to  maintain  a  minimal  nitrogen  elimination  without  producing 
either  diarrhea,  glycosuria  or  vomiting.  Usually  this  required  from  70 
to  85  calories  per  kilo.  Each  dog  was  fed  daily  at  5  p.  m.  The  food  was 
well  borne  and  was  eagerly  eaten  throughout  the  experimental  periods 
reported.  At  9  a.  m.  the  dog  was  given  a  definite  quantity  of  water  and 
salt  by  stomach-tube  and  at  2  p.  m.  was  catheterized  and  the  twenty-four- 
hour  urine  taken.  After  a  preliminary  period  of  several  days  the  nitrogen 
of  the  urine  was  estimated  by  the  Kjeldahl  method  daily  for  three  or 
four  days.     For  the  next  two  or  three  days,  immediately  after  catheteri- 


14.  Michaud,  L.:  Beitrage  zur  Kenntnis  d.  physiolog.  Eiweissmininmm.  Ztschr. 
f.  physiol.  Chem.,  1909,  lix,  421. 

15.  McCollum,  E.  V.:  Nature  of  the  Repair  Processes  in  Protein  Metabolism, 
Am.  Jour.  Physiol.,  1911,  xxix,  215. 
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zation,  the  animal  was  given  intravenously  each  day  an  amount  of  blood- 
serum  containing  nitrogen  approximately  equal  to  that  which  the  animal 
had  been  eliminating  daily  during  the  control  period.  In  all  other 
respects  the  regime,  including  the  diet,  was  unchanged.  Finally  the  - 
regime  and  diet  and  the  nitrogen  analyses  were  continued  for  a  few  days 
after  cessation  of  the  injections.  In  the  early  experiments  the  feces  were 
collected  as  often  as  voided,  which  was  only  once  in  several  days,  and 
their  nitrogen  content  <■-  I  by  the  Kjeldahl  method.     As.  however, 

the  feces  contained  an  amount  of  nitrogen  equivalent  to  only  0.02  to 
0.047  gm.  daily,  the  analysis  of  the  feces  was  omitted  in  the  later  experi- 
ments. The  urine  was  examined  daily  for  coagulable  protein  by  the 
heat  and  acetic  acid  method  and  for  glucose  by  the  Fehling  method,  and 
for  diacetic  acid  bv  ether  extraction  and  the  ferric  chlorid  test. 


AUTHOR  S    EXPERIMENTS 
Experiment  1. — A  female  do£  weighing  6,530  gm.,  was  placed,  on  February  10, 
on  a  diet  of  9  gm.  nitrocren-free  butter,  95  gm.  cane  sugar,  500  c.c.  water  and  1  gm. 
sodium  chlorid  daily.     The  injections  of  do?  serum  were  made  into  a  small  vein 
of  the  leg  under  ether  anesthesia.    The  results  are  shown  in  Table  1. 

Table  1. — Nitrogen  am>  hle  Protein  Elimination  in  Experiment  l 


l!4  Hours 

Weight 

Serum 

Nitrogen 

Volume 

Nitrogen 

Coagulable 

Protein 

Beginning 

in 

Injected 

of  Urine 

of  1  nrine 

i  p.  in. 

Gra 

in  c.c. 

in  <  rms. 

in  c.c. 

in  ( :i!i-. 

Feb.  14 

110 

.96 

Very    faint    trace 

Feb.  1.", 

210 

1.12 

Very   faint   trace 

Feb.  ir, 

360 

1.1 -J 

Very    faint    trace 

Feb.  17 

6,450 

100 

i.05 

340 

1.10 

Very    faint    trace 

Feb.  18 

6,460 

Km 

L.05 

280 

.88 

Very    faint    trace 

Feb.  if 

6,240 

L00 

1.05 

.89 

Very    faint    trace 

Feb.  20 

275 

Very    faint    trace 

Feb.  21 

6.300 

'J!  HI 

.87 

Trace 

TJ  •  table  shows  that  no  increase  in  the  elimination  of  nitrogen  during 
or  following  the  period  of  serum  u  oceurredand  that  no  Bignifi- 

irotein  appeared  in  the  fl  ■  "'.<! 

■  tie  acid  were  nol    present.     'I'll''  conclusion   is  inevitable  that  the 
serum  injected  was  completely  utilized  by  the  body  for  cellular  anabol  - 

It   .-!  ould   pei ha]  gradual   fall  in  the  nit i 

elimination  tic  fall  tl  intly  occurs  in  an  animal 

on  ;i  calorically  adequati .  n-free  diet,  and  which,  a-   noted  by 

Mi  i  lollum,1'  continui  'h  day. 

This  experiment  v..i-  performed  with  •  me  result 

another  dog  excepl  thai  during  t;  tin-  injection  period 

(romitedj  owing  to  the  animal  having  been  fed  too  conn  after 
zatmn. 
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Experiment  2. — A  female  dog  weighing  6,230  gm.  was  placed,  on  January  24, 
on  a  diet  of  8.7  gm.  nitrogen-free  butter,  98  gm.  cane  sugar,  500  c.c.  water  and  1 
gm.  sodium  chlorid  daily.  The  injection  of  dog-serum  was  made  into  a  small 
vein  of  the  leg  under  ether  anesthesia.    The  results  are  shown  in  Table  2. 


Table  2. 


-Showing  Excbetiox  of  Nitrogen  and  Coagulable  Peotein  in 
Expebiment  2 


24  Hours 

Beginning 

2  p.  m. 

Weight 

in 
Grams 

Serum 

injected 

in  c.c. 

Nitro- 
gen of 
Serum 
in  Gms. 

Volume 

of 

Urine 

in  c.c. 

Nitro- 
gen of 

Urine 
in  Gms. 

Coagulable 
Protein 

Jan.  28 

6,070 

520 

1.25 

None 

Jan.  29 

6,135 

560 

1.12 

None 

Jan.  30 

6,090 

380 

1.01 

None 

Jan.  31 

6.090 

ioo 

1 

05 

550 

1.48 

Vomited 

Feb.     1 

6,020 

80 

S4 

425 

1.14 

Faint   trace   albumin 

Feb.     2 

6,020 

80 

84 

520 

1.21 

Faint   trace   albumin 

Feb.     3 

5.880 

80 

84 

340 

1.07 

Faint   trace   albumin 

Feb.     4 

5,955 

330 

0.98 

Faint   trace   albumin 

Feb.     5 

5,890 

410 

0.99 

Faint   trace   albumin 

The  urine  was  free  from  glucose  and  diacetic  acid.  On  January  29  a  control 
anesthetization  was  done  quite  similar  to  that  used  during  the  injections.  Omit- 
ting the  analysis  on  January  31,  which  is  rendered  worthless  by  the  vomiting, 
we  find  the  average  elimination  for  five  days,  the  three  days  before  commencing, 
and  the  two  days  after  ceasing  injection,  to  be  l.OS,  the  average  elimination  during 
the  three  days  of  injection  1.14.  Here  again  we  may  conclude  that  practically 
all  the  nitrogen  of  the  serum  was  utilized. 

The  same  type  of  experiment  was  next  tried  with  horse-serum  instead 
of  dog-serum.  The  horse-serum  was  obtained  fresh  and  without  pre- 
servative. 

Experiment  3. — A  female  dog,  weighing  6,375  gm.  was  placed,  on  January  22, 
on  a  diet  of  nitrogen-free  butter  and  cane  sugar  the  quantities  being  gradually 
increased  until  January  31  when  the  diet  was  fixed  at  10  gm.  butter,  113  gm. 
sugar,  300  c.c.  water  and  1  gm.  sodium  chlorid  daily.  The  horse  serum  was 
injected  into  a  small  vein  of  the  leg  under  ether  anesthesia.  The  results  were  as 
shown  in  Table  3. 


Table  3. — Showing  Excretion  of  Nitrogen  of  Urine  and  Coagulable  Peotein 

in  Experiment  3 


24  hours 
Beginning 

Weight 
in 

Serum 
injected 

Nitro- 
gen of 
Serum 

Volume 

of 

Urine 

Nitro- 
gen of 
Urine 

Coagulable 
Protein 

2  p.  m. 

Grams 

in  c.c. 

in  Gms. 

in  c.c. 

in  Gms. 

Feb.   1 

5,880 

350 

1.10 

None 

Feb.  2 

5,878 

470 

1.28 

None 

Feb.  3 

5,815 

275 

1.06 

None 

Feb.  4 

5,850 

80 

.74 

430 

1.23 

None 

Feb.  5 

5,750 

80 

.74 

450 

1.35 

None 

Feb.  6 

5,810 

80 

.74 

290 

1.23     1 

None 

Feb.  7 

5,780 

180 

1.10 

Trace 
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Traces  of  glucose  and  diacetic  acid  were  found  on  February  7,  an 

died  at  this  point  the  experiment  was  brought  to  an  end.     In 

tperiment  the  average  elimination  of  the  three  control  days  of  the 

fore  period  and  the  one  day  of  after  period  was  1.13;  of  the  three  days  of 

injections,  1.27.     Here  also  it  is  evident  that  the  serum  has  been  com- 

.  or  almost  completely  utilized.  A  second  similar  experiment,  owing 

to  the  larger  amount  of  serum  injected,  gave  even  more  conclusive  re 

Experiment  4. — A  female  dog,  weighing  7.070  gin.,  was  placed  on  a  diet  of 

a-free  butter  and  cane  BUgar,  on  March  2.    From  March  14  to  1(1  it  n 

daily  8  gm.  of  nitrogen-frtv  butter,  100  gm.  cane  sugar,  500  c.c.  water,  and  1  gm. 

sodium  chlorid;   from  March  17   to  21   the  butter  was  reduced  to  Co  gm.  daily. 

The  horse-serum  ted  into  a  small  vein  of  the  leg,  under  ethei  anesthesia. 


Table   k- 


-Ubine  Nitrogen  and  Coagulable  Protein  Excbetion  in 
Experiment  4 


24  Hours 
Beginning 

•J  p.  m. 

Weight 

in 
Grams 

Serum 

injected 

in  c.c. 

Nitro- 
gen of 
Serum 

in  Gms. 

Volume 

of 
Urine 

in  c.c. 

Nitro- 
gen of 
Urine 
in  <  rma. 

igulahle 

Protein 

March   15 

6,330 

425 

1.33 

Very   faint    trace 

Mai  cii    ItJ 

G.360 

155 

1.36 

Very   faint   trace 

March   17 

J 

500 

1.37 

Very   faint   trace 

G.275 

120 

1.60 

480 

L.52 

Very    faint  trace 

March   19 

G.180 

100 

1.32 

447 

1.19 

Very   faint    trace 

March  20 

6,120 

305 

1.11 

Very   faint    trace 

March  21 

6,J  1" 

333 

1.11 

Very   faint    trace 

i  glucose  or  diacetic  acid  appeared   in  the  urine.     Eere  again   is 
presented  definite  evidence  of  complete  or  almost  complete  utiliz 
the  Whether  the  Blight  rise  noted  in  both  Experim 

coincidence  or  is  due  to  a  small  fra<  the  serum  thai  is 

utilized  and  is  therefore  eliminated,  or  is  due  to  a  toxic  action  oi 
sei  urn.  i  !:i  inert  a  ;~m.  it  has  bet  n  impoe 

rmine.  Toxic  action,  however,  is  rendered  improbable  by  the  fad 
that  no  increase  in  temperature  was  noted  during  the  period  of  serum 
injection. 

We  believe  thai  tl  riments  denn  so  Ear  as  can  be  shown 

by  the  chemical  method,  thai  the  dog  is  able  to  utilize  completely,  honrol- 
inni.  parenterally  introduced  and  completely,  or  almosl  com- 
plex rum  similarly   introduced.     We  differ,  therefore,   from 
Friedenwald  and  [saacj  who  concluded  thai  the  dog  utilize  pai 
terally  introd                   erum.    We  believe  thai  their  conclusions,  based 
on    their   chemical    Btudies,   are    incorreel    owing   to   the  method    they 
d  :  thai  is,  the  use  of  dogs  either  fasting  or  on  a  nitrogen  balai 
o  worthy  of  note  thai  the  marked  toxic  i  Sects  which  they  noted  in 
iving  inj                                 m  after  being  fed  on  a  flesh  d 
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(usually  horse  flesh)  were  absent  in  our  experiments  with  a  butter  and 
sugar  diet.  Also  their  observations  on  the  persistence  of  horse-serum 
protein  injected  intravenously  into  the  dogs,  as  measured  by  the  com- 
plement deviation  test,  is  of  much  interest  in  connection  with  our  chem- 
ical studies.  The  gradual  diminution,  beginning  soon  after  injection  and 
continuing  for  several  days,  which  they  demonstrated  in  the  amount  of 
the  complement  deviating  substance  persisting  in  the  circulation  of  the 
injected  dog,  is  precisely  the  gradual  diminution  that  one  must  expect  if, 
as  we  believe,  the  horse-serum  protein  distributes  itself  evenly  throughout 
the  blood  of  the  injected  dog  and  is  gradually  utilized  by  the  dog,  simul- 
taneously with  the  dog's  own  blood  protein,  at  a  rate  proportional  to  the 
foreign  protein's  concentration  in  the  dog's  blood.  We  believe,  therefore, 
that  the  complement  deviation  experiments  of  Friedenwald  and  Isaac  with 
our  own  chemical  studies  afford  strong  evidence  that  the  dog  can  utilize 
both  homologous  serum  and  horse-serum,  introduced  intravenously,  as  a 
source  of  tissue  nitrogen. 

COXCLUSIOXS 

1.  In  order  to  use  changes  in  the  elimination  of  nitrogen  as  a  basis  for 
deductions  concerning  the  utilization  of  nitrogenous  substances  paren- 
terally  introduced,  the  animal  must  be  on  a  calorically  adequate,  nitro- 
gen-free diet. 

2.  A  dog  on  such  a  diet  and  receiving  intravenously  an  amount  of 
nitrogen,  in  the  form  of  dog-serum,  approximately  equal  to  that  being 
eliminated,  shows  no  increased  elimination  of  nitrogen. 

3.  When  a  foreign  serum,  as  horse-serum,  is  injected  instead  of  dog- 
serum,  the  nitrogen  elimination  is  increased  very  little,  if  at  all. 

4.  The  dog,  therefore,  is  able  to  utilize  completely  for  anabolic 
processes  the  protein  of  dog-serum  and  all,  or  almost  all,  of  the  protein 
of  horse-serum  introduced  intravenously. 


"LOW    FEVEE 

T.  H.  WRIGHT,  M.D..  and  W.  ALLAN,  M.D. 

CHABLOTl  :  .     -.   •  . 

For  a  number  of  years,  but  during  the  past  summer  particularly,  our 
attention  has  been  directed  to  a  clinical  picture  variously  known  ae  "con- 
tinued  fever,"  "sun  fever.*'  '^Wilmington  fever,"  "low  fever/'  etc.,  the 
only  constant  symptom  of  which  is  a  supposedly  continuous  elevation  of 
temperature.  That  this  supposition  is  incorrect  can  be  easily  determined 
by  taking  the  temperature  throughout  the  twenty-lour  hours,  when  it 
will  be  found  that  during  the  eight  the  "fever"  disappears.  But  as  these 
patients  do  not  feel  ill.  and  do  not  go  to  bed,  they  are  seen  by  the  physi- 
cian only  during  the  day:  hence  the  idea  of  a  continuous  elevation  of 
temperature.  As  very  little  has  appeared  in  the  literature  concerning 
this  condition,  a  fuller  description  of  this  so-called  "low  fever"" 
desirable,  more  especially  for  the  sake  of  differential  diagnosis. 

The  causes  of  continued  fever  in  the  northern  part  of  the  tempi  rate 
zone,  as  laid  down  by  Cabot1  for  New  England,  are  typhoid  fever,  I 
culosis  and  sepsis.     In  tin-  south  rn  states  there  must  he  added  as  causes 
'of  continued  fever  tin-  malarial  fevers,2  Malta  fever,8  hepatic  ah-, 
amebic  origin/  and  in  the  tropics  trypanosomiasis  and  kala  azar. 

In  this  locality  the  thief  difficulty  lie-  in  differentiating  tuberculosis, 
foi-  during  the  pa-'  '  accurate  statistics  on  the  prognosis 

of  tuberculosis  has  become  available,  showing  that  the  earlier  the  dii 
-i-  is  made  and  thi  treatment   is  commenced,  the  better  are  the 

chances  for  arrest  "r  recovery.    This  showing  has  naturally  increased  the 
desire  for  the  earliest  possible  diagn 

The  various  tuberculin  reactions  and  the  Roentgen  ray  have  taught 
us  that  periods  of  malaise  with  a  rise  of  a  degree  in  temperatun  .  are  fre- 
ly  the  manifestations  of  a  slighl  or  of  an  early  tuberculous  infection. 
even  in  I'  physical  Bigns  in  the  chest  and  of  clinical  pulmo- 

nary symptoms. 

In    thi-    particular    locality    the   tropical    fever-,    includinj 
autumnal  malarial  fever,8  are  nul  Down,  so  that  after  excluding  amebic 


'Manuscript  Bubmitted  f"t-  publication   Aug.   1.  1912. 
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hepatitis  and  amebic  abscess  of  the  liver,  malaise  with  a  slight  daily  rise 
of  temperature  without  leukocytosis  should  be  considered  presumptive 
evidence  of  a  tuberculous  infection.  But  we  submit  that  an  early  diagno- 
sis cannot  be  made  by  exclusion  in  this  latitude,  and  that  the  cases  so  diasf- 
nosticated  are  subjected  to  unnecessary  mental  anguish  and  their  condi- 
tion is  thereby  aggravated,  because  of  such  a  diagnosis. 

In  the  tropics  this  "low  fever"  was  some  years  ago  singled  out  from 
among  the  unclassified  non-specific  continued  fevers. 

HISTORICAL 

In  1894  x\.  Crombie6  (a)  gave  a  very  good  description  of  this  condi- 
tion as  follows: 

It  is  one  which  is  only  occasionally  met  with  among  Europeans,  and  I  do  not 
think  I  have  met  with  it  in  the  natives  in  India,  hut  if  it  does  occur  among  them 
it  would  hardly  be  brought  under  my  notice.  I  refer  to  a  persistent  low  elevation 
of  temperature  unaccompanied  by  any  constant  symptoms  of  definite  duration, 
and  uninfluenced  either  by  quinin  or  arsenic.  The  temperature  never  falls  below 
99  degrees  and  rarely  rises  above  101.5.  It  may  continue  for  several  weeks 
without  complication  except,  perhaps,  a  tendency  to  diarrhea  of  a  bilious  char- 
acter, with  loss  of  appetite,  and  gradual  loss  of  strength  and  flesh.  Some  of 
these  cases  are  distinctly  aggravated  by  quinin,  and  I  have  known  them  cease 
abruptly  on  withdrawing  the  drug  which  had  been  persistently  given  in  the  belief 
that  the  condition  was  malarial  in  its  essential  nature.  These  cases  are  spoken 
of  as  "low  fever"  and  are  generally  cured  by  a  "change"  of  any  kind,  but  especially 
by  a  trip  to  sea,  and  it  is  especially  this  form  of  fever,  which  in  Calcutta  is 
benefited  by  a  visit  to  the  sandheads.  Though  very  ill-defined,  these  cases  con- 
stitute a  distinct  type  of  fever  at  once  recognized  when  met  with. 

At  the  same  time  Ronald  Ross,7  giving  a  classification  of  fevers  for 
India,  under  the  heading  of  simple  or  continued  fevers,  gives  a  subhead 
to  "fever  without  any  concurrent  symptoms." 

Again,  in  1898,  in  his  classification  of  "non-specific  fevers  of  doubt- 
ful causation,  probably  climatic,"  Crombie6  (b)  gives  four  classes,  the 
last  of  which  is  "low  fever." 

In  speaking  of  the  effect  of  exercise  on  temperature  he  says: 

And  the  gradation  of  symptoms  from  the  mere  temporary  elevation  of  tempera- 
ture which  invariably  accompanies  exercise  in  the  hot  moist  climate  of  Bengal  (I 
have  known  my  own  temperature  rise  to  99.9  F.  as  the  result  of  an  hour's  walk 
in  the  month  of  August)  though  a  few  hour's  febricula  or  a  few  days  of  con- 
tinued fever,  up  to  ardent  fever  and  siriasis,  point  rather  to  their  being  the  result 
of  a  temporary  paresis  of  the  heat  regulators  under  the  embarrassments  of  the 
conditions  of  high  temperativre  and  humidity. 


6.  Crombie,  A.:  (a)  Presidential  Address  on  the  Fevers  of  India.  Tr.  First 
Indian  Med.  Cong.,  1894,  p.  17;  (b)  The  Unclassified  Fevers  of  Hot  Climates. 
Brit.  Med.  Jour.,  1898,  ii,  682;  Jour.  Trop.  Med.,  p.  128. 

7.  Ross,  R.:   Tr.  First  Indian  Med.  Cong.,  1S94,  p.  382. 
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In  describing  this  low  fever  he  say; : 

Low  fever  is  of  a  distinctly  different  type  from  the  foregoing  climatic  fevers 
(Xasha  fever,  etc.).  It  is  characterized  by  a  persistent  low  elevation  of  tempera- 
ture of  indefinite  duration,  without  any  specific  symptoms,  except  those  traceable 
to.  the  feverish  condition  itself.  It  begins  insidiously  with  slight  malaise  and 
anorexia.  The  temperature  ranges  from  99  F.  in  the  morning  to  101.5  F.  in  the 
evening,  never  falling  below  99  F.  and  rarely  rising  above  101  F..  and  it  may  con- 
tinue for  many  weeks,  unaffected  by  quinin  or  arsenic,  pushed  to  extreme  doses. 
or  by  any  other  medicinal  treatment,  but  usually  yielding  at  once  to  change  of 
climate.  It  would  appear  also  to  be  due  to  embarrassment  of  the  heat 
because  it  ceases  generally  at  once  when  the  climatic  conditions  are  improved  by 
the  patient  going  to  the  hills  or  to  the  sea.  If  it  were  due  to  a  specific  cause 
this  would  not  be  the  case.  If  it  were  due  to  a  microorganism  in  the  blood,  the 
cessation  of  the  symptoms  would  not  be  n-  te  as  happens  so  constantly 

with  this  form  of  fever  on  change  of  climatic  surroundings. 

Manson8  gives  practically  the  same  account  of  "low  fever"  as  Crombie, 
and  speaks  of  it  as  "not  an  unusual  one  among  Europeans  in  the  tropics." 

Eogers'9  description  of  "low  fever"  is  probably  the  best  in  the  1: 
ture.  He  has  encountered  it  in  Europeans  in  the  hot  damp  provinces  of 
Bengal,  Assam  and  Madras.  His  clinical  description  includes  malai 
anorexia  and  nervous  depression,  with  a  rise  of  temperature  during  the 
daily  activities  to  99  F.  or  100  F.,  or  rarely  to  101  F.,  with  a  return  to 
normal  during  the  early  morning.  The  fever  may  continue  through  the 
next  cold  season,  though,  with  Crombie,  he  finds  that  a  change  to  a 
higher,  dryer  or  colder  climate  causes  immediate  abatement  of  the  tem- 
perature. Physical  examination  is  negative,  although  he  makes  the  sur- 
prising statement  that  "in  very  long  cases  some  enlargement  of  the  spleen 
may  ultimately  develop."  He  finds  generally  a  leukopenia  with  a  Relative 
increase  in  the  small  mononuclear  leukocytes  to  about  40  per  cent,  and  a 
decrease  of  the  polymorphonuclears  to  about  50  per  cent.,  but  with  no 
marked  increase  in  the  large  mononuclears.     Rogers  also  bi  "an 

enfeeblement  of  the  heat-regulating  mechanism  by  prolonged  strain  as 
the  essential  cause  of  the  excessive  diurnal  variation  of  the  body  tem- 
perature which  occurs.**  He  suggests  the  possibility  of  a  Leukocytozoan 
parasite,  and  cites  the  experience  of  Musgrave,  Wherry  and  Woolley10  in 
Manila.  His  reference  to  Castellani's11  four  cases  was  probably  not 
intended  to  refer  to  this  class  of  fever,  as  all  of  these  cases  were  clearly 
infectious,  and  onl]  one  bore  any  mar  resemblance  to  'low  fever"  clin- 
ically; in  this  case  there  was  irrhea,  and  a  bacillus  was  Isolated 
from  the  feces  which  wa-  agglutinated  by  the  patient's  blood. 
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The  description  of  "low  fever"  by  Chalmers  and  Castellani12  seems 
to  apply  to  this  infectious  fever  of  low  virulence,  rather  than  to  the 
clinical  picture  as  first  described  by  Crombie. 

In  our  own  cases  we  have  encountered  this  low  fever  in  persons  who 
were  overworked  and  underfed.  Our  series  comprises  three  men  and  six 
women.  It  seems  to  be  confined  to  the  most  active  period  of  life,  between 
the  ages  of  15  and  40  years.  Our  observations  on  negroes  are  too  incom- 
plete to  compare  its  race  incidence.  Social  condition  and  occupation  seem 
to  be  without  effect.  Overstrain,  mental  or  physical,  is  the  predisposing 
cause.  These  cases  all  show  loss  of  weight,  a  secondary  anemia  of  varying 
degree  and  poor  muscular  tone.  Their  time  is  spent  mostly  indoors,  and 
practically  no  exercise  is  taken.  The  caloric  value  of  their  diet  is  always 
considerably  below  normal,  running  from  20  to  28  calories  per  kilo  of 
body-weight.  The  usual  fatigue  s}rmptoms  are  in  evidence,  anorexia, 
nausea,  flatulence,  constipation  or  the  early  morning  diarrhea  which  is 
liable  to  accompany  any  condition  in  which  there  is  low  blood-pressure 
(as  pellagra,  sprue,  etc.),  headache,  vertigo,  insomnia,  early  mental  and 
muscular  fatigue,  backache  and  aching  in  the  legs  and  knees. 

The  physical  examination  has  been  uniformly  negative.  There  is 
no  cough,  sputum  or  night  sweats,  and  all  cases  showing  a  positive  von 
Pirquet  tuberculin  reaction  have  been  excluded.  The  throats  were  gone 
over  carefully,  and  all  cases  in  which  pus  could  be  squeezed  from  the 
tonsils  have  been  excluded  from  this  series.  We  have  found  blood- 
pressures  ranging  from  90  to  115  mm.  Hg.  In  some  cases  the  pulse-rate 
has  been  increased.  Hemoglobin  estimations  ran  from  65  to  90 
(Talqvist) .  In  only  a  few  instances  were  we  able  to  confirm  Eogers'  find- 
ings of  leukopenia  with  relative  increase  in  the  small  mononuclear  leuko- 
cytes and  decrease  in  the  polymorphonuclears.  Plasmodium  vivax  (the 
only  form  of  malarial  organism  occurring  in  Charlotte)  was  never  present. 

The  fever  curve  itself  was  the  only  thing  characteristic  of  the  condition. 
Contrary  to  Crombie's  statement,  we  find  with  Eogers,  that  the  tempera- 
ture returns  to  normal  during  the  night ;  but  contrary  to  Eogers'  statement 
that  the  elevation  of  temperature  makes  its  appearance  in  the  middle  of 
the  day  or  early  afternoon,  we  find  it  frequently  appears  during  the  first 
hour  after  rising  in  the  morning,  or  following  the  first  meal  of  the  day; 
and,  furthermore,  that  the  temperature  may  fall  below  99  F.  and  rise 
again  at  any  time  during  the  day.  Usually  the  daily  temperature  has 
varied  between  99  F.  and  100  F.,  but  at  times  reaching  100.6  F.  This 
"low  fever"  generally  appears  about  June,  after  a  month's  hot  weather, 
and  continues  until  the  cooler  weather  of  October,  or  until  a  vacation  is 
taken.     In  cases  that  have  recently  become  "run  down"  it  may  appear 


12.  Castellani  and  Chalmers:  Manual  of  Tropical  Diseases,  p.  789. 
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later  in  the  summer,  and  in  chronic  cases  it  may  continue  interruptedly 
throughout  the  winter.  In  some  of  our  cases  it  has  recurred  with  great 
regularity  every  summer  for  a  number  of  yi 

A  vacation  to  the  coast  or  mountains  may  put  an  end  to  the  "fevi  v" 
at  once,  but  this  is  particularly  true  of  a  change  to  the  higher  mountain 
resorts  of  the  state,  such  as  Blowing  Eock  (elevation  4,000  feet),  where 
the  nights  are  cold.    For  the  sake  of  brevity  we  have  tabulated  our  cases. 

We  believe  that  this  "low  -  simply  an  abnormal  diurnal  varia- 

tion of  the  body  temperature,  due  to  a  temporary  instability  of  the  heat- 
regulating  mechanism,  as  Btated  by  Crombie  and  by  Rogers;  this  depres- 
sion of  the  heat-regulating  function  being  merely  one  expression  of  a 
general  functional  depression  or  state  of  chronic  fatigue,  dependent  on 
under-nutrition  and  over-strain,  and  emphasized  especially  during  the 
summer  of  1911  by  the  unusual  heat. 

We  shall  proceed  to  discuss  this  proposition: 

Butler13  gives  the  range  of  normal  temperature  as  from  97.2  F.  to 
99..5  F.,  the  average  being  98.6  F.  Both  Butler  and  Howell14  state  that 
muscular  exercise  may  raise  the  temperature,  Howell  stating  that  if  this 
initial  rise  of  temperature  occur-,  it  is  a  sign  of  imperfect  heat  regulation; 
that  is,  the  extra  amount  of  heat  thus  produced  is  not  promptly  gotten 
rid  of.  Beth  state  that  meals  may  raise  the  temperature,  Butler  giving 
as  much  as  0.4  F.  Wunderlick's  figures  as  given  by  Adami18  are  sub- 
febrile  to  100  F.r  low  febrile  to  100  F.  to  101  F.,  moderately  febrile  101 
F.  to  103  F.,  etc. 

Heat  production  •  on  the  intake  of  food  and  on  muscular  exer- 

cise; heat  1"-  ds  on  excretions  (2  per  cent.),  on  expired  air  (3.5 

per  cent.)  and  evaporation  of  water  from  the  lungs  (7  per  cent.),  on  the 

[oration  of  sweal  (II  per  cent.),  and  on  radiation  and  conduction 
from,  the  b<>  ace   (73   |  .).     Heal   regulation   ifl  controlled 

mainly  !•  radiation.    "The  control  through  the  vasomotor 

nerves  is  doubtless  even  more  important"  (Howell) ;  thai  is,  dilatation  of 
the  skin  eapillaries  meane  d  air  contracts  the  skin  capil- 

laries and  conserves  heat.  Howi  '1  i&i  i  that  ai  Ither  heat  centers  nor  beal 
.e  been  demonstrated,  and  further  I 

Moat   pic  perhaps  believe  that   variations  in  heal   production  occur, 

!   above,  by   alterations   in   the  intensity  of  oxidations  "in   the  muscles, 

broughl  about  by  reflex  excitation  through  the  motor  nerve  fibers  and  thai  a  special 

of  heat  fibers  does  no!  exist.  The  unconscious  regulation  of  the  body  tempera- 
ture i-  effected  chiefly  through  the  following  cent 

Heat  Dissipation:  1.  Sweat  centers  and  Bweat  nerves   2.  Vasoconstrictor  i 
and  vasoconstrictor  nerves.    3.  Respiratory  center. 

ll,..ii  Production:  I.  Motor  nerve  centers  and  motor  nerve  fibers  to  skeletal 
muscles.    2.  Quantity  and  character  of  food  as  determined  by  the  appetite. 


i:;.   Butler:  The  Diagi  if  internal  Medicine,  ed,  2    1906,  p.  107. 

l  i.  Howell:  Text   Book  of  l' 

15,  Adami :   Principh     of  Pat          y,  ed.  2,  i.  p.  481. 
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On  the  other  hand.  Adami13  says : 

We  must  with  MacAlister,  predicate  the  existence  of  some  central  heat-con- 
trolling^ center  regulating  the  (various)  heat-producing  and  heat-discharging 
apparatus;  a  center  which  stimulates  the  former  and  inhibits  the  latter  in  order 
to  raise  the  body  temperature,  and  does  the  reverse  in  order  to  lower  it.  .  .  . 
All  that  is  sure  is  that  within  the  brain  and  spinal  cord  are  nerve  cells,  which 
en  stimulation  lead,  some  of  them,  to  increased  production  of  heat  by  the  tissues, 
others  to  increased  loss  of  heat  by  the  body  surfaces.  The  wonderful  regulation 
of  the  bodily  temperature  under  ordinary  conditions  is  a  strong  indication  that 
controlling  the  production  and  the  loss  is  one  pair  or  an  intimately  connected 
system  of  heat-regulating  centers. 

As  applied  to  our  cases  it  seems  obvious  that  their  increase  in  tem- 
perature cannot  be  due  to  extra  heat  production  by  muscular  activity,  or 
increased  food  iutake,  as  both  of  these  functions  are  diminished;  there 
must  be,  then,  imperfect  heat  elimination.  This  diminished  heat  dissipa- 
tion is  not  due  to  slower  respiration,  nor  to  vasoconstriction  (there  is 
vasodilation) ;  it  must  be  due  then  to  either  diminished  radiation  and 
conduction,  or  to  imperfect  evaporation  from  the  skin,  or  to  both.  That 
diminished  radiation  and  conduction  play  a  considerable  part  in  this  con- 
dition is  shown  by  the  fact  that  these  temperatures  were  recorded  during 
the  hot  weather,  and  in  the  daylight,  and  that  they  returned  to  normal 
with  the  advent  of  cold  weather.  But  diminished  radiation  and  conduc- 
tion alone  is  not  a  sufficient  explanation,  for,  although  the  temperature 
rises  when  the  daily  activities  commence,  there  is  a  definite  limit  in  each 
case  beyond  which  this  rise  will  not  go.  "What  then  fixes  this  limit  and 
keeps  the  temperature  below  it?  It  must  be  the  effect  of  the  body  heat 
on  the  sweat  nerves,  causing  reflexly  an  increased  sweating,  with  con- 
sequent loss  of  heat.  H.  Aron16  has  demonstrated  that  animals  exposed 
to  the  tropical  sun  soon  die  unless  increased  evaporation  of  water  counter- 
acts the  increased  heat  absorption.  He  says,  "Monkeys  exposed  to  the  sun 
in  Manila  die  in  a  little  over  one  hour  because  of  their  limited  capacity 
to  evaporate  water,  while  man  with  his  well-developed  sweat  glands  resists 
the  same  climatic  conditions  for  a  much  longer  period  without  detriment" ; 
and  again,  "The  more  perfect  this  water  evaporation  is,  the  better  the 
normal  body  temperature  may  be  maintained."  In  noting  the  inferiority 
of  the  white  man  to  the  black  in  effective  sweating,  he  says,  "It  is  as  yet 
undecided  whether  the  result  is  due  to  the  color,  or  if  the  nervous 
regulation  of  the  sweat  glands,  etc.  .  .  ."  He  evidently  considers  the 
evaporation  of  sweat  to  be  the  method  of  heat  regulation,  as  after  exercise, 
even  in  temperate  climates. 

In  comparing  the  action  of  the  tropical  sun  on  the  skin  temperature 
of  Filipinos  and  Americans,  he  says: 


16.  Aron,  H.:  Philippine  Jour.  Sc,  Section  B.,  1911.  vi,  126. 


- 
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With  the  white  skin  this  process   (evaporation)   takes  place  more  Blowly  and 
it  must  be  for  this  reason  that  the  brown  >kin.  while  absorbing  more  heat,  is 

found  to  have  lower  temperatures  than  the  white  -kin  under  similar  conditions. 
The  regulatory  apparatus  of  the  brown  is  more  sensitive  and  works  inure  promptly 

-iiillv. 


B-t-  ~ 


■ 


- 


Chart  1. — Effect  of  the  unusual  heat  of  the  summer  of  1 '- >  1 1  in  producing  "low 
fever." 

Iii  these  fat   .  -.  with  general  lowering  of  the  functions,  during 

normal  activity  in  I  □  when  radiation  and  conduction  are  lessened, 

the  body  temperature  is  regulated  at  from  !>'•>  to  100.4  during  the  day 
time.     This  phenomenon  seems  to  be  due  to  the  lack  of  sensitiveni  -  of 
•.eating  arc  to  a  moderate  increase  in  the  body  temperature  in  these 
individuals,  and  during  ordinary  activity  the  threshold  of  stimulati 
the  sweating  arc  seems  to  he  raised  from  <».,")  V.  to  2  F. 
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i  ii;u  i  2.-     \  charl  Bhowing  I  ;e  of  morning  and  evening  humidity  in 

191]  compared  with  the  twenty  years,  L888  L908,  by  months.  (These  data  were 
obtained  from  the  weather  bureau  office,  <  harlotte,  through  the  kindness  of  Mr. 
Atto,  '  liief  <  Ibsei  \>  r.  i 

Thai  this  depression  of  the  heat-regulating   function  is  merely  one 
expression  of  a  general  functional  depression  is  easily  apparent  from  the 

.ii,-.     Thai   undernutrition  and  overstrain  were  preeenl    U 
apparenl  from  •  impanying  chart,  and  in  the  absence  of  any  other 
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demonstrable  etiologic  factors,  these  must  be  considered  as  the  two  chief 
causes  of  this  condition.  The  part  played  by  the  unusual  heat  of  the 
summer  of  1911  can  best  be  shown  by  Chart  1. 

From  May  1  to  Nov.  1,  1911,  181  days,  there  were  131  days  above  the 
average  temperature,  thirteen  days  of  average  temperature,  and  forty  days 
beiow  the  average  temperature;  from  May  10  to  October  23,  166  days, 
there  were  128  above,  ten  equal  to,  and  twenty-eight  below  the  average 
temperature. 

The  severity  of  this  heat  was  considerably  modified  by  the  low 
humidity,  as  shown  in  Chart  2. 

The  marked  benefits  to  be  derived  from  a  change  of  scene  are  due  to 
a  relief  from  overstrain,  and  in  many  instances  this  is  the  only  treatment 
needed  to  stop  the  "fever."  In  the  more  stubborn  cases  an  improvement 
in  nutrition  is  necessary  before  the  temperature  falls  to  its  usual  level,  as 
is  shown  during  the  winter,  when  these  patients  regain  their  appetites 
and  put  on  a  little  flesh. 

The  advantage  of  removal  to  high  mountain  sections  over  the  Pied- 
mont or  tide-water  regions,  we  believe,  is  entirely  due  to  the  cold,  which 
restores  appetite  and  promptly  raises  blood-pressure. 

In  conclusion  then,  we  would  point  out  that  in  the  south  we  have  a 
low  fever,  occuring  during  the  summer  months,  which  is  only  apparently 
continuous,  and  which  is  purely  functional. 


AX   EXPERIMENTAL   INVESTIGATION   OF  THE  VALUE   OF 

HEXAMETHYLEXAMIX     AND     ALLIED 

COMPOUNDS  * 

CURTIS  F.  BURXAM.  M.D. 

BALTIMORE 

This  study  was  undertaken  to  determine  the  capacity  of  infected 
kidneys  to  excrete  hexamethylenamin.  We  had  just  had  a  small  series  of 
unilateral  kidney  infections  in  which  large  doses  of  hexamethylenamin 
had  failed  to  be  of  any  benefit.  The  frequent  clinical  failure  of  the  drug 
it  was  felt  might  depend  on  its  inability  to  pass  through  such  impaired 
organs.  At  the  outset,  full  credence  was  placed  in  the  generally  current 
valuation  set  on  hexamethylenamin,  i.  e.,  when  taken  by  mouth,  it  is 
excreted  in  the  urine,  bile,  pancreatic,  synovial  and  cerebrospinal  fluids 
in  sufficient  quantities  to  be  of  marked  bactericidal  value.  This  con- 
fidence, however,  was  not  strengthened  by  a  rather  thorough  review  of  its 
extensive  literature,  and  personal  experimental  results  which  r quickly 
developed  gave  still  greater  uncertainty.  Ever  since  Nicolaier  introduced 
it  into  medicine,  nearly  twenty  years  ago,  the  efficiency  of  the  drug  has 
hi  on  ascribed  to  its  decomposition  into  formaldehyd.  The  authors,  how- 
ever, arc  quite  vague,  using  such  adjectives  as,  a  little,  partial  and  almost 
complete,  in  describii  tent  of  this  decomposition,  and  not  a  fnv 

hold  that  hexamethylenamin  is  antiseptic  itself  independent  of  the  forma- 
tion of  formaldehyd. 

Nowhere  has  there  been  serious  endeavor  to  ascertain  how  much  1 
methylenamii]  or  formaldehyd  are  presenl  in  the  fluids  of  the  body  after 
giving  the  drug  by  mouth.     It-  accredited  efficiency  in  the  body  fluids 
where  it  has  been  describ    .  . .  on  a  di  i ion  of  tl 

ence  of  either  hi  lenamin  or  formaldehyd  in  the  fluid;  second, 

on  clinical  improvement,  and  third,  on  the  reduction  in  the  number  of 
bacti  n  by  the  plate-culture  methods  after  its  use.     In  my 

persona]  were,  first,  a  quantitative 

rminatioD  of  the  amount  of  hexamethylenamin  excreted  in  the  urine 

:•  giving  known  quantities  by  mouth  ;  bi  cond,  a  quantitative  estimation 
of  the  amount  of  free  formaldehyd  preeenl ;  third,  determination  of  the 
bactericidal  power  of  hexamethylenamin;  fourth,  determination  of  the 
bactericidal  power  of  formaldehyd;  fifth,  determination  of  the  Btronj 
solutions  of  hexamethylenamin  and  of  formaldehyd  which  can  be  tolerated 
by  the  kidneys  and  other  urinary  organs;  Bixth,  a  comparison  of  the 
clinii  al  find  ii 


nuscripl  submitted  for  publication  in  Abchivbs  .July  11.  1912. 
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The  third,  fourth  and  fifth  steps  proved  simple  and  yielded  positive 
results,  the  details  of  which  follow.  Great  difficulty,  however,  was  met 
at  the  very  outset  in  connection  with  securing  suitable  chemical  methods 
for  estimating  the  amounts  of  the  substances  in  the  fluids.  Not  only  were 
the  quantitative  methods  uncertain,  but  the  qualitative  procedures  were 
equally  unsatisfactory,  principally  because  they  reacted  identically  with 
hexamethylenamin  and  formaldehyd. 

The  most  delicate  qualitative  test  in  use  and  one  which  has  been 
extensively  employed  is  that  of  Hehner.  It  consists  in  adding  5  or  6 
drops  of  milk  to  a  few  c.c.  of  the  fluid  to  be  tested.  This  mixture  is  then 
stratified  over  a  reagent  made  by  adding  one  drop  of  a  3  per  cent,  ferric 
chlorid  solution  to  100  c.c.  of  99  per  cent,  sulphuric  acid.  The  presence 
of  formaldehyd  or  hexamethylenamin  is  indicated  b}r  the  slow  formation 
at  the  line  of  juncture  of  a  deep  amethyst  ring.  The  color  of  urine  and 
bile  seriously  interfere  with  the  test  and  require  a  preliminary  distillation, 
which  is  accomplished  by  adding  a  little  sulphuric  acid  and  water,  when 
formaldehyd  gas  passes  off  in  the  distillate. 

The  objections  to  this  test  are  two-fold.  First,  that  it  does  not  differ- 
entiate between  formaldehyd  and  hexamethylenamin,  and  second,  because 
of  its  extraordinary  delicacy.  Formaldehyd  clearly  shows  in  solutions  of 
1  to  1,000,000  and  hexamethylenamin  in  solutions  of  1  to  500,000  or  less. 
This  is  in  the  proportion  of  1  c.c.  of  formaldehyd  to  1,000  liters  of  water. 
By  the  thickness  of  the  ring  or  the  rapidity  of  its  appearance  I  was 
completely  unable  to  distinguish  between  solutions  of  1  to  100,000  and 
1  to  10,000,  nor  could  I  determine  from  the  ring  formation  whether 
formaldehyd  or  hexamethylenamin  was  the  substance  present. 

Through  the  valuable  assistance  of  Dr.  H.  A.  B.  Dunning,  I  was 
fortunate  in  securing  a  very  delicate  test,  and  one  which  reacts  to  free 
formaldehyd,  but  not  to  hexamethylenamin.  This  test  consists  in  adding 
to  the  suspected  fluid,  3  drops  of  .5  per  cent,  aqueous  solution  of  phenyl- 
hydrazin  hydrochlorid  and  then  3  drops  of  a  5  per  cent,  aqueous  solution 
of  sodium  nitroprussid ;  then  an  excess  of  saturated  aqueous  solution  of 
sodium  hydroxid.  It  is  important  that  the  solution  to  be  tested  as  well  as 
the  sodium  hydroxid  be  slightly  warmed  to  a  little  more  than  body  tem- 
perature. When  formaldehyd  is  present  in  solutions  of  1  to  20,000,  or 
stronger,  there  follows  an  intense  blue  color  which  gradually  changes  to 
green  and  then  after  a  few  minutes  to  brown.  In  solutions  of  less  than 
1  to  20,000  the  first  color  is  the  intense  green  which  passes  off  into  brown. 
The  test  is  delicate  down  to  1  to  150,000  or  less.  When  a  solution  is 
tested  and  found  to  be  negative,  as  is  the  case  when  hexamethylenamin 
alone  is  present,  it  can  be  acidulated  with  sulphuric  acid,  heated  to 
boiling,  cooled  off  and  tested,  when  the  reaction  will  be  positive,  due  to 
the  breakdown  of  hexamethylenamin  into  formaldehyd.  This  has  yielded 
striking  results  in  the  urine,  the  bile,  the  sputum,  the  saliva  and  the  cere- 
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brospinal  fluid,  and  so  contradictory  to  the  generally  accepted  beliefs  that 
it  seemed  important  to  bring  them  to  the  attention  of  the  profession.  I 
have  thus  been  diverted  from  my  original  purpose,  the  quantitative  esti- 
mation of  the  hexamethvlenamin  and  formaldehyd  in  the  urine.  I  have 
atjiresent  a  promising  quantitative  method  for  these  determinations  and 
will  embody  my  findings  with  it  in  a  later  communication. 

I  wish  to  present  here  the  result-  of  my  experiments  in  regard  to  the 
bactericidal  powers  of  hexamethvlenamin  and  formaldehyd.  the  toleration 
of  the  urinary  organs  to  these  substances,  the  question  of  the  excretion 
of  hexamethvlenamin  in  the  urine,  the  bile,  the  sputum,  the  saliva  and 
the  cerebrospinal  fluids.  In  addition  to  hexamethvlenamin,  I  have 
employed  helmitol  and  several  other  formaldehyd  compounds. 

Before  taking  op  the  actual  findings  it  seem-  desirable  to  give  a  short 
historical  review  of  the  subject. 

Hexamethvlenamin  is  formed  by  the  direct  action  of  four  molecules 
of  ammonia  on  six  of  formaldehyd  gas.  According  to  the  formula 
■!\"ll    •  6HCO=(CH2)6N4+6H20.     I'  as  colorless,  odor] 

tals,  which  are  ready  soluble  in  water,  less  so  in  alcohol.  It  was  firsi 
prepared  by  Butlerow.1  When  acid  is  added  to  an  aqueous  solution  there 
irtial  decomposition  into  formaldehyd  and  ammonia,  and  on  boiling, 
complete  decomposition.  Boiling  alone  partly  causes  decomposition.  The 
drug  was  introduced  into  medicine  as  a  urinary  antiseptic  by  Nicolaier,2 
and  has  ever  sinci  d  wide  popularity  and  extensive  use  all  over  the 

d.    li  remained  as  a  urinary  antiseptic  alone  until  S.  ■'.  I  gave 

it  reputation  as  a  gall-bladder  and  pancreatic  disinfectant,  and  one  year 
later'  brought  it  into  its  pn  3en1  use  as  a  prophylactic  and  curative  agenl 
in  ci  nal  infection-.    Armstrong  and  Goodman,5  following  Crowe's 

method,  introduced  it  into  use  as  the  disinfectant  of  the  sputum  in  bron- 
chitis,'pneumonia,  pulmonary  tuberculosis  and  infections  of  I  and 
throat.  After  giving  it  by  the  mouth,  it  has  been  found  in  the  aqu 
humor  of  the  eye,  in  the  synovia]  and  pleura]  fluids.  Many  clinical  con- 
tributions of  a  mi  38  i  onfirmatory  nature  have  been  added  and  the 
use  of  the  substance  "as  a  bactericide"  in  these  conditions  rown 
qua]  it-  ii-. ■  as  a  urinary  am 

T03  [CITY  OF  H  i  Yi.r.v  \Ml\ 

In  the  rabbit  hexamethvlenamin  i-  practically  non-toxic.    I  have  given 

100  grains  at  a  dose,  hyperdermically,  without  the  Blightesl  evidence  <A' 

animal  weighed  2  pounds,  so  thai  the  equivalent  <}<<•<■  in 


I.   Butlerov  :   Liebig's  ann.  d.  <  hem.  u.  Pharm.,  I860,  cxv, 
■j.  Nicolaii  !>.  med.  Wchnschr.,  34. 

3.  i  i.:   Bull.  Johns  Hopkins  EIosp.,  191  109. 

4.  (row.-,  s.  .(.:   Bull.  Johns  Hop]  ins  Hoap.,  1909,  -\.  102. 

."..    Armstrong  and  Goodman:  •tour.  Am.  Med.    \  '7.  1911. 
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the  human  being  of  150  pounds,  would  be  about  IS  ounces.  However, 
there  is  one  marked  difference  between  the  human  being  and  the  rabbit, 
i.  e.,  in  the  rabbit,  even  on  immense  doses,  there  is  no  decomposition  into 
formaldehyd.  The  drug  is  excreted  as  hexamethylenamin.  The  toxic 
effects  noted  in  the  human  being  have  been  hematuria  and  vesical  irrita- 
tion, both  due  to  a  liberation  of  formaldehyd  gas  in  the  urine  at  the 
level  of  the  kidney. 

BACTERICIDAL  POAVERS   OF  HEXAMETHYLEXAMIX   AXD  FORMALDEHYD 

The  technic  employed  was  uniform,  i.  e.,  solutions  of  varying  strength 
of  each  drug  in  sterile  water  were  made.  These  solutions  were  then 
inoculated  with  the  bacteria  tested  so  that  a  slight  clouding  of  the  fluid 
was  produced.  The  inoculated  tubes  were  then  incubated  at  body  tem- 
perature in  periods  varying  from  a  few  minutes  to  a  week.  The  bacteria 
employed  were  the  colon  bacillus,  the  typhoid  bacillus,  the  bacillus  pyo- 
cyaneus,  the  streptococcus  and  the  staphylococcus  aureus. 

Hexamethylenamin  solutions  free  of  formaldehyd  were  obtained  by 
adding  a  drop  of  ammonia  to  each  tube.  The  hexamethylenamin  proved 
to  have  no  bactericidal  power;  the  organisms  tested  all  lived  in  f'roni  5  per 
cent,  to  10  per  cent,  solutions  without  any  deterioration. 

The  formaldehyd  solutions,  on  the  contrary,  proved  very  bactericidal. 
A  solution  of  1  to  100  destroyed  all  the  organisms  studied  in  twenty 
minutes.  A  1  to  1,000  solution  destroyed  all  of  them  within  twenty-four 
hours.  Marked  differences  in  the  toleration  toward  formaldehyd  was 
noted  between  the  different  bacteria.  The  most  resistant  organism  was 
the  Staphylococcus  aureus,  and  the  least  resistant,  the  typhoid  bacillus. 
A  solution  of  1  to  5,000  formaldehyd  destroyed  the  typhoid  bacillus  and 
the  streptococcus  within  twenty-four  hours.  It  destroyed  the  Bacillus 
pyocyaneus  within  forty-eight  hours,  and  the  colon  bacillus  in  four  days. 
The  Staphylococcus  aureus  was  still  alive  at  the  end  of  a  week.  The 
Staphylococcus  aureus  was  completely  destroyed  in  forty-eight  hours  by 
a  solution  of  1  to  2,000  formaldehyd.  Solutions  of  1  to  20,000  formal- 
dehyd had  little  or  no  effect  on  any  of  the  organisms  except  the  typhoid 
bacillus  and  the  streptococcus;  these  were  not  destroyed  at  the  end  of 
four  days,  but  as  shown  by  reinoculations,  were  somewhat  diminished  in 
vitality.  A  1  to  50,000  formaldehyd  solution  had  apparently  no  effect 
either  in  destroying  the  organism  or  in  inhibiting  their  growth.6 

TOXIC    EFFECTS    OP    FORMALDEHYD 

In  dilutions  of  1  per  cent,  and  less,  formaldehyd  solution  is  an  irri- 
tant to  the  skin ;  in  weaker  solutions  it  is  not  irritant.  Every  year  there 
are  a   few  reports  of   serious   poisonings  resulting   from   accidental    or 


C.  All  were  formaldehyd  solutions  made  from  a  carefully  standardized  10  per 
cent,  aqueous  solution  of  the  gas. 


ARCHIVES     OF     INTERNAL     MEDICINE 

suicidal  drinking  of  formaldehyd  solutions.  In  a  majority  of  the  cases 
there  are  violent  gastro-intestinal  symptoms,  and  in  the  more  serious  oi  -. 
coma,  which  may  last  several  days.  In  the  fatal  cases,  death  has  resulted 
from  gradual  paratysis  of  the  cardiorespiratory  system.  So  far  a- 
known  to  me,  there  has  never  been  a  case  in  the  human  being  of  poisoning 
from  hexamethylenamin  due  to  liberation  of  formaldehyd  in  the  tissues. 
Jacobson7  states  that  dogs  can  take  daily  3.2  gm.  without  serious  results. 
On  the  other  hand,  1  c.c.  per  kilo  is  said  to  be  lethal  in  a  single  dose. 
In  association  with  Dr.  IT.  A.  Kelly,  I  have  been  using,  locally,  solutions 
of  formaldehyd  varying  in  strength  from  1-250  to  1-7.500,  in  treating 
infections  in  various  parts  of  the  body,  and  have  never  noted  any  general 
toxic  symptoms. 

TOLERANCE    OF    THE    OBINABY.     ORGANS    TO    FOBMALDEHYD 

Our  method  of  investigation  here  was,  first,  to  try  various  strengths 
of  formaldehyd  Bolution  in  the  bladder,  beginning  with  a  very  small 
percentage  and  gradually  increasing  it.  Having  found  a  solution  which 
was  well  tolerated  in  the  bladder,  it  was  then  injected  into  the  kidney 
pelvis  through  a  renal  catheter.  There  are  marked  individual  variations 
in  the  tolerance  of  the  vesical  mucous  membrane  to  formaldehyd  solution, 
and  this  is  independent  of  the  state  of  inflammation  present.  Of  course. 
an  acutely  •  inflamed  bladder  is  much  mure  intolerant  than  a  healthy 
bladder.  In  chronic  cystitis  and  in  healthy  bladders  we  have  found  it 
practical  to  use  solutions  varying  in  strength  from  1  to  3,750,  to  1  to 
7,500.  Occasionally  a  bladder  is  mat  with  which  does  not  tolerate  even 
this  weak  solution.  We  have  had  no  cases  which  would  not  tolerate  a 
1  to  12,500  solution  of  formaldehyd.  The  kidney  pelvis  will  tolerate 
solutions  as  stroi  the  bladder,  and  we  have  never  noted  any 

irritation  in  the  kidney  itself  after  an  irrigation. 

The  formaldehyd  in  for  bladder  and  kidney  infections  have 

proved  very  effectual.  They  are  especially  valuable  in  cystitis,  associated 
with  ammoniacal  decomposition  of  the  nrim  -  occurs  with  enlarged 

prostate  or  tumor  of  the  bladder. 

The  gall-bladder  tolerates  formaldehyd  readily  in  solutions  of  1  to 
3,750.     In  infect  -.  a  2y2  per  cent.  Bolution  can  he 

without  giving  undue  pain. 

A  fi  e  with  solutions  of  hexamethylenamin.    It  is  nol 

;il  all  irritating  and  can  be  used  in  tin'  bladder  and  kidney  in  50  per  i 

ogth  without   any  ill   result,  hut  apparently  with   i  I   on   the 

'  ion. 


bson :   Berl.  klin.  Wchnscbr.,  1904,  p.  1 1  t. 
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EXCBETION    OF    HEXAAIETHYLEXAMIX    IX    THE    URIXE 

When  given  by  mouth,  hexamethylenamin  begins  to  appear  in  the 
urine  in  fifteen  minutes,  reaches  its  maximum  excretion  in  two  hours, 
continues  to  be  excreted  abundantly  for  about  eight  hours,  and  has,  if 
the  dose  given  was  not  greater  than  30  grains,  disappeared  in  twenty-four 
hours.  After  the  twelfth  hour,  the  amounts  excreted  are  very  small.  In 
a  communication  to  follow  this,  I  will  report  more  in  detail  the  quanti- 
tative eliminative  amounts  of  hexamethylenamin. 

The  question  of  interest  here  is,  how  much  formaldehyd  is  present  in 
the  urine  after  giving  hexamethylenamin  by  mouth  ?  As  yet,  I  have  not 
sufficiently  worked  out  this  question,  but  can  say  roughly  that  in  some 
patients  it  is  possible  to  secure  solutions  of  from  1  to  5,000,  and  stronger. 
My  important  finding  was  here  that  on  the  customary  doses,  of  from  5  to 
10  grains,  given  three  times  a  day,  not  more  than  two  patients  out  of  ten 
showed  any  decomposition  of  the  drug  into  formaldehyd  at  all.  This  was 
tested  out,  not  only  on  patients  suffering  with  infections  of  the  urinary 
tract,  but  on  a  series  of.  normal  individuals,  and  on  a  number  of  patients 
convalescent  from  operations.  When  a  patient  was  found  to  show  abun- 
dant formaldehyd  after  a  10-grain  dose,  it  also  was  found  that  a  2-  or 
3-grain  dose  often  sufficed  to  show  the  breakdown.  While  not  more  than 
10  per  cent,  of  those  examined  showed  the  formaldehyd  free  after  the 
smaller  doses,  at  least  60  per  cent,  showed  it  when  the  dosage  was  made 
from  20  to  30  graiDs,  repeated  every  four  to  six  hours.  In  a  few  instances 
in  which  the  formaldehyd  was  not  present  after  dosage  of  30  grains,  the 
quantity  was  raised  to  as  high  as  100  grains  at  a  single  dose  without 
causing  a  decomposition  of  the  hexamethylenamin.  There  are  some  indi- 
viduals who  do  not  break  down  hexamethylenamin  into  formaldehyd. 
This,  however,  is  the  exception,  not  the  rule. 

PLACE    OF    DECOMPOSITIOX 

At  what  point  in  the  urinary  tract  is  hexamethylenamin  transformed 
into  formaldehyd  ?  In  every  case  in  which  free  formaldehyd  was  found 
in  the  bladder  urine  and  catheterization  of  the  kidney  carried  out  the 
formaldehyd  was  found  at  the  level  of  the  kidney.  This  fact  was  estab- 
lished in  five  successive  patients.  In  one  patient  of  this  group  the  blood- 
serum  was  examined  and  found  to  contain  hexamethylenamin,  but  no 
formaldehyd.  It  is  my  impression  that  the  formaldehyd  liberation  is  due 
to  some  specific  activity  of  the  renal  epithelium.  It  is,  of  course,  impos- 
sible to  conceive  of  free  formaldehyd  in  a  highly  ammoniacal  urine.  The 
urine's  alkalinity,  however,  is  normally  not  due  to  free  ammonia.  The 
greatest  decompositions  have  been  observed  in  highly  acid  urines.  This, 
however,  is  not  invariably  the  case,  and  it  was  frequently  noted  that  in  an 
acid  urine  there  was  no  free  formaldehyd  after  giving  the  hexamethylen- 
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amin.  The  same  thing  holds  for  alkaline  urines.  With  the  reaction 
definitely  alkaline,  large  amounts  of  formaldehyd  are  occasionally  met 
with. 

CLINICAL    OBSEBVATI 

The  clinical  results  obtained  have  conformed  in  every  way  with  the 
assumption  that  it  is  the  free  formaldehyd  which  is  the  eiY  2  nt. 

and  that  it  must  be  present  in  fairly  strong  solution.    In  riot  a  single 
has  there  been  observed  the  slightest  in  nt  from  giving  hexameth- 

ylenamin  when  the  urine  showed  hexamethylenamin,  but  no  free  formal- 
dehyd. On  the  contrary,  every  patient  showing  free  formaldehyd  lias 
shown  prompt  improvemeirl  and  a  number  of  the  very  chronic  and 
obstinate  colon  infections  have  entirely  cleared  up.  To  obtain  this  result 
the  treatment  in  some  cast-.-  had  to  be  carried  over  several  months. 

A  pertinent  example  of  this  kind  was  afforded  by  the  ease  of  Mrs.  E.  I  ,  S., 
aged  29,  first  seen  Oct.  2G.  1911.  This  patient  had  always  been  healthy,  and  had 
bad  three  normal  labors.  In  March,  1911,  when  four  months  pregnant,  she  was 
seized  with  an  attack  of  renal  colic  in  the  left  kidney  region  and  two  days  later 
had  a  similar  one  in  the  right  Bide.  She  was  allowed  to  continue  the  pregnancy 
and  gave  birth  to  a  healthy  child  in  July.  1911.  From  the  very  first  attack,  the 
patient  began  having  pns  and  blood  in  the  urine.  This  continued  after  the  labor 
and  was  associated  with  irregular  fever,  marked  deterioration  of  general  health 
and  great  reduction  in  hemoglobin.  In  November,  1911,  Bhe  had  the  kh!- 
catheterized,  functional  tests  made,  and  (ar-ray  pictures  taken)  collargol  injection 
6f  the  pelves.  'I  he  results  of  these  examinations  were  to  show  that  there  was 
bilateral  colon  bacillus  infection  of  the  kidneys,  greatly  dilated  pelves,  the  left 
having  a  capacity  of  120  c.c.  and  the  right  of  320.  The  functions  of  the  kidneys, 
however,  were  fairly  well  maintained,  as  shown  by  the  phenolsulphonephthalein 
test.  Ten  grains  of  hexamethylenamin  by  mouth  sufficed  to  give  free  formaldehyd 
from  both  kidneys.  At  tin  time  of  the  examination  there  was  an  enormous 
amount  "f  pus  on  both  sides.  The  patient  was  started  on  120  grains  of  hexa- 
methylenamin  per  diem.  This  occasionally  caused  vesical  distress,  when  the 
was  reduced.     Bj    February  :!,  tin'  mini'  had  practically  cleared  of  infection.    On 

•  date  Dr.  Kelly  suspended  and  plicated  the  pelvis  of  the  right  kidney.    On  the 
twentieth  of  the  same  month  a  similar  operation  was  carried  out  on  the  left  - 
'II,,.  hexamethylenamin  was  continued  during  her  stay  in  the  hospital     A  r. 
owb  a  perfectlj   Bterile  urine,  free  from  pus  ami  blood. 

Till;    DOS  LG]     "1     II1.X  Wll  TI1YU  \  \M1\ 

The  average  dose  advised  for  hexamethylenamii 
two  or  three  times  per  diem.    In  an  occasional  irritable  bladder. 

□  thig  amonnl  causes  a  Bnfficienl  liberation  of  formaldehyd  to  produce 
irritation.  Such,  however,  i-  the  exception.  If  it  doe-  cause  irritation, 
five  formaldehyd  will  always  I"   found  ami  the  indication  is  to  reduct 

From  what  has  born  -aid.  it  i    evidenl  that  there  is  ii"  fixed  dose. 
Tlii-  j.  t,,  be  obtained  by  testing  the  urine  and  observing  the  toleral 
of  the  patient.    When    LO  grains  causes  do  free  formaldehyd  liberation. 
II,,.  ,!,,„.  ahould  be  increased  t"  20  grains,  and  if  there  i-  -till  none,  to  30 
or  l"  grains,  repeated  every  four  hon  only  h 
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hexamethylenamin  is  occasioned  by  the  liberation  of  formaldehyd  in  the 
urine,  and  when  this  does  not  occur,  it  is  safe  to  push  the  dose  until  it 
does  appear.  The  first  disagreeable  symptom  in  our  experience  is  vesical 
irritability.  It  has  always  led  us  to  discontinue  or  diminish  the  dose.  In 
such  a  case,  pushing  the  dose  might  easily  lead  to  hematuria.  "We  have 
never  observed  a  macroscopic  hematuria  from  the  use  of  hexameth- 
ylenamin. 

The  proper  treatment  is  to  give  a  dose  just  large  enough  to  be  under 
that  necessary  to  cause  bladder  irritation.  Using  this  dose,  improvement 
will  follow  so  rapidly  in  most  cases  that  long  continuation  in  the  use  of 
the  drug  is  unnecessary.  On  the  other  hand,  it  is  certainly  possible  to 
keep  up  the  dosage  for  months  without  any  serious  impairment  of  either 
the  general  health  or  of  the  kidneys. 

SOME    OF    THE    PROPRIETARY    HEXAMETHYLEXAMIX    COMPOUXDS 

The  first  trade  name  and  one  which  has  been  so  universally  used  as  to 
have  become  fixed  in  the  popular  mind  is  urotropin.  It  is,  however,  sold 
under  various  other  names,  such  as  formin,  cystamin,  hexamin,  etc.  These 
products  are  identical  with  hexamethylenamin  and  show  no  variations 
from  it  in  chemical  or  pharmacologic  reaction. 

Helmitol,  the  methylene  citrate  of  hexamethylenamin,  also  responds 
like  the  pure  drug.  There  is  this  difference,  however:  When  hexameth- 
ylenamin is  dissolved  in  water  no  free  formaldehyd  is  formed;  when 
helmitol  is  dissolved  in  water  a  considerable  amount  of  free  formaldehyd 
is  liberated.  Formaldehyd,  however,  when  taken  by  the  mouth,  is  not 
excreted  through  the  kidneys.  When  helmitol  is  taken,  its  excretion  is 
identical  with  that  of  hexamethylenamin ;  i.  e.,  in  some  eases,  there  is  free 
formaldehyd  liberated,  and  in  others,  none. 

COMBIXATIOX    OF    DRUGS    WITH    HEXAMETHYLEXAMIX 

In  the  hope  that  the  presence  of  some  other  substance  in  the  urine 
would  cause  decomposition  of  the  hexamethylenamin,  a  great  variety  of 
substances  have  been  given  with  it.  Among  these  are  potassium  citrate, 
potassium  iodid,  sodium  benzoate,  salol,  oil  of  wintergreen,  etc.  The 
results  have  not  been  encouraging;  in  no  instance  has  the  combination 
been  more  effective  than  the  pure  drug. 

OTHER     FORMALDEHYD-COXTAIXIXG    DRUGS 

Dr.  H.  A.  B.  Dunning  has  furnished  me  with  a  number  of  formal- 
dehyd compounds,  some  of  them  new  ones;  some  of  them  have  been 
excreted  through  the  kidneys  as  in  the  case  of  a  compound  between 
formaldehyd  and  phenolsulphonephthalein.  None,  however,  has  shown  a 
tendency  to  break  down,  liberating  free  formaldehyd.  This  phase  of  the 
subject  is  still  under  investigation. 
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EXPERIMENTAL    -  -     WITH    RABBI 

The  use  of  hexamethylenaniin  in  rabbits  was  carried  out  in  on"! 
determine  its  toxicity  and  its  method  of  excretion.  Only  three  anin  - 
were  employed.  The  results  obtained  were  identical.  In  the  rah 
hexamethylenamin  is  excreted  primarily  and  principally  through  the 
kidneys.  It  is  excreted  unchanged,  and  is  not  broken  down  into  formal- 
dehyd.  In  small  doses  of  from  2  to  5  grains,  hypodermically,  in  a 
2-pound  rabbit,  the  excretion  is  practically  entirely  through  the  kidi;  -. 
When  from  30  to  100  grains  are  given  at  a  dose,  the  principal  excretion 
is  through  the  kidneys,  but  there  is  a  large  excretion  through  the  bile. 
The  drug  is. eliminate''  -  imethylenamin,  there  being  n  i  formaldehyd 
liberated.  The  hexamethylenamin  dues  not  seem  in  the  least  toxic  to 
the  rabbit. 

When  a  rabbit  is  given  30  grains  of  the  drug  hypodermically  and 
killed  within  an  hour  the  findings  in  the  differ-  -  are  as  follows: 

Urine,  large  amount;  bile,  considerable  amount:  cerebrospinal  system. 
traces;  blood,  considerable  amount;  spleen,  liver  and  kidi  siderable 

amount;  muscles,  trace;  skin,  trace;  in  no  tissue  was  any  free  formal- 
dehyd found.  These  findings  in  t  -  and  body  fluids  of  the  rabbit 
suggested  the  examination  of  some  of  the  fluids  of  the  human  being  where 
the  drug  has  been  thought  to  act  efficiently. 

EXAMINATION    OF   THE    BILE 

I  examined  in  all  ten   patients  with  biliary  fistula.     Xone  of  I 
were  getting  less  than  GO  grai]  .  and  in  one  case  I  gave  100  grains 

at  a  dose  and  collected  the  bile  for  twelve  hours.    T  in  every 

was  treated  identically,  i.  e.,  it  was  dil  jhtly  with  distilled  wa 

i tli  sulphuric  acid,  and  distilled.  In  every  case  the  distillate 
gave  a  clear  formaldehyd  reaction  with  Hehner's  test.  In  not  one  could 
a  trace  be  found  by  the  test  which  I  have  employed. 

As  a  control,  I  put  a  solution  of  1  to  50,000  hexan  imin  into 

bile,  allowed   it  to  stand   an   hour  and   then   distilled.      1 
formaldi  ly  detenu  m  actual  . 

centration  in  the  distillate. 

EXAMINATIONS  OF  THE   SPUTUM     \M>  SALIVA 

In  five  healthy  people  I  gave  iylenamin  in  30-grain  doa 

the  rate  oi  L20  grains  a  day  for  twenty-four  hours,  and  then  examii 

■.a.     By  the  Eehner  test,  either  |  formal- 

dehyd was  found  to  be  present.     By  the  pi  enoll  -  idium-nit 

lid  test,  neither  could  !"•  detei 
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In  three  cases  of  bronchitis  with  mucopurulent  expectoration,  exactly 
similar  technic  was  followed  with  identical  results.  By  my  test  there  was 
no  free  formaldehyd,  and  heating  and  acidulating  proved  that  there  was 
no  free  hexamethylenamin  in  amount  sufficient  to  give  the  reaction. 

EXAMINATION   OF   THE   CEREBROSPINAL   FLUID 

The  cerebrospinal  fluid  was  examined  in  one  case  through  the  courtesy 
of  Dr.  Morse,  of  the  Johns  Hopkins  Hospital  staff.  The  patient,  James 
B.  D.,  aged  45,  had  normal  temperature  and  no  cerebral  or  spinal  symp- 
toms. For  purposes  of  diagnosis,  some  of  his  cerebrospinal  fluid  was 
desired.  Before  the  puncture  he  had  been  given,  for  twenty-four  hours, 
15  grains  of  hexamethylenamin  every  three  hours.  I  obtained  about  1  c.c. 
of  clear  fluid  which  showed  a  positive  reaction  with  Hehner's  test,  but 
none  whatever  with  the  other  test,  even  when  boiled  and  acidulated. 

CONCLUSIONS 

These  examinations  of  the  bile,  sputum,  saliva  and  cerebrospinal  fluid 
show  that  even  after  rather  large  doses  of  hexamethylenamin,  there 
appears  in  them  but  traces  of  the  drug,  certainly  in  percentages  less  than 
1  to  150,000.  Whether  this  trace  is  of  hexamethylenamin,  as  seems  most 
likely,  or  of  formaldehyd,  it  is  impossible  to  state,  because  the  only  test 
which  would  show  it  is  Hehner's  which  does  not  differentiate  these  two 
substances.  So  far  as  any  therapeutic  value  is  concerned,  it  does  not  make 
any  difference  because,  as  already  shown,  solutions  of  formaldehyd  of  the 
weakness  indicated,  do  not  possess  any  antiseptic  value.  I  believe,  there- 
fore, that  the  use  of  hexamethylenamin  for  the  curing  or  bettering  of,  or 
as  a  prophylactic  against,  infections  of  the  bile  passages,  respiratory 
passages  and  cerebrospinal  system  is  illusory,  and  cannot  possibly  yield 
results.  I  have  no  explanation  to  offer  for  the  reported  clinical  and 
bacteriologic  improvements,  for  with  the  exception  of  the  urine,  I  have 
not  tested  this  side  of  the  question.  In  the  urine  the  clinical  and  bac- 
teriologic findings  have  conformed  in  every  way  with  the  chemical 
findings,  viz.,  only  those  patients  who  show  free  formaldehyd  have  been 
improved  by  the  drug. 

The  phenolhydrazin-nitroprussid  test  is  very  simple,  and  when 
applied  gives  the  physician  an  easy  method  of  determining  the  dose  of 
hexamethylenamin  which  he  should  use,  and  also  shows  those  cases  in 
which  no  results  from  this  drug  can  be  expected. 

The  test  is  of  value  in  determining  the  efficiency  of  compounds  whose 
value  rests  on  the  liberation  of  free  formaldehyd,  and  it  is  to  be  hoped 
that  an  endeavor  will  be  successful  in  securing  a  substance  which,  when 
taken  by  the  mouth,  will  be  excreted  through  the  kidneys  and  will  liberate 
formaldehyd  in  the  urine  in  every  case. 
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Although  it  has  its  limitations,  these  experiences  show  that  hexameth- 
ylenamin,  when  properly  given,  in  more  than  a  half  the  eases  of  urinary 
infection  is  of  immense  value,  and  at  the  present  time  superior  to  any 
other  drug  in  common  use. 

Finally,  I  want  to  express  my  gratitude  for  the  enthusiastic  support 
and  many  valuable  suggestions  given  me  by  Dr.  Howard  A.  Kelly  during 
the  progress  of  this  work. 

141S  Eutaw  Place. 


COMPLETE  AND   PEEMAXEXT  HEABT-BLOCK  FOLLOWING 

THE   USE   OF   DIGITALIS   IX   AUEICULAE 

FIBEILLATIOX  * 

ALBERT  E.  TAUSSIG,  M.D. 

ST.  LOUIS 

One  of  the  commonest,  as  well  as  one  of  the  most  interesting,  varieties 
of  cardiac  irregularity  is  that  known  as  auricular  fibrillation.  In  this 
condition  the  auricles,  instead  of  contracting  rhythmically,  are  thrown 
into  a  state  of  tremulousness  involving  small  bundles  of  fibrils. 

The  walls  of  the  auricle  stand  in  the  diastolic  position;  systole,  either  com- 
plete or  partial,  is  never  accomplished;  the  wall,  as  a  whole,  is  stationary,  but 
careful  examination  of  the  muscle  reveals  an  extremely  active  condition;  it 
appears  to  be  alive  with  movement ;  rapid,  minute  and  constant  twitchings  or 
undulatory  movements  are  observed  in  a  multitude  of  small  areas  upon  its  surface 
(Lewis) . 

The  result,  usually,  is  a  rapid  and  extremely  irregular  pulse.  From 
the  turmoil  in  the  auricles  a  shower  of  impulses  passes  down  the  bundle 
of  His  into  the  ventricles.  The  weakest  of  these  impulses  fail  to  affect 
the  ventricles.  The  stronger  ones,  occurring  at  irregular  intervals,  cause 
ventricular  systole  and  lead  to  the  production  of  what  used  to  be  known  as 
the  pulsus  irregularis  perpetuus  (Hering)  or  arrhythmia  perpetua  (Ger- 
hardt).  These  terms  are  not  accurate  since  the  condition  is  occasionally 
compatible  with  a  regular  pulse  and,  while  usually  permanent,  may  be 
transient  (Mackenzie,  Hewlett  and  Barringer,  Fox  and  others). 

The  venous  pulse,  in  these  cases,  is  characteristic  and  from  it  the 
diagnosis  can  readily  be  made.  The  a  wave  disappears  entirely  from  the 
jugular  sphygmogram  and  the  same  is  true  of  the  esophageal  tracing 
(Hewlett)  and  the  electrocardiogram  (Hering).  "Whenever  the  diastole 
is  somewhat  prolonged,  a  series  of  fine  wavelets  may  often  be  seen  in  the 
venous  sphygmogram  (Figs.  5  and  6).  Mackenzie  was  at  first  inclined  to 
consider  these  as  artefacts,  but  since  they  correspond  in  their  rate  with 
similar  waves  in  the  electrocardiogram,  he  now  agrees  with  most  other 
observers  that  there  is  reason  to  suppose  them  an  expression  of  the  auric- 
ular tremor. 

While  in  most  cases  of  auricular  fibrillation,  the  pulse  is  rapid  and 
irregular,  it  need  be  neither.  In  his  classical  monograph  on  Xodal  Brady- 
cardia, Mackenzie  has  reported  a  considerable  number  of  cases  of  this  sort 
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in  some  of  which  the  pulse  was  slow  and  irregular,  in  others  slow  and 
regular.  Gibson,  Lewis  and  others  have  reported  similar  eases.  A 
seductive  theory,  in  explanation  of  this  phenomenon,  has  been  advanced 
by  Lewis.  He  considers  the  occurrence  of  a  slow  pulse  in  auricular  fibril- 
lation to  be  an  expression  of  an  impaired  conductivity  on  the  part  of  the 
auriculo-ventricular  bundle.  If  the  heart-block  is  partial,  an  occasional 
tremor  only  goes  through  and  causes  ventricular  systole.  The  result  is  a 
slow  and  irregular  pulse,  sometimes  with  long  pauses.  If  the  block  is 
complete,  the  fibrillating  auricles  can  no  longer  affect  the  ventricles.  The 
latter  establish  their  own  rhythm  and  beat  slowly  and  regularly  as  in  an 
ordinary  case  of  complete  heart-block.  From  the  nature  of  the  case,  the 
validity  of  this  explanation  cannot  d  in  every  instance.    But, 

as   Lewis  has  pointed  out,  one  at  least  of  Mackei  -    - 

oris  this  view.    The  patient,  a  subject  of  rheumatic  fever,  was  known 
to  have  had  impairment  of  conductivity,  in  greater  or  lesser  degree^  for 
twelve  years.     He  then  suddenly  developed  slow  and  irregular  action  of 
the  heart,  with  evidence  of  auricular  fibrillation.    This  lasted  a  week,  at 
the  end  of  which  time  both  auricles  and  ventricles  again  resumed  their 
thmic  action,  but  with  an  a-c  interval  twice  as  long  as  normal.    Several 
nths  later,  the  slow  and  irregular  pulse,  with  auricular  fibrillation, 
returned  and  thereafter  persisted.  Gibson  has  reported  an  equally  instruc- 
tive case.     The  first  tracings   obtained   were   those  of  ordinary  partial 
.  with  an  auricular  rate  of  168  and  a  ventricular  of  4*2.     On 
one  auricular  fibrillation  set  in,  with  an  irregular  but  still  phe- 

lly  slow  pulsr.    A  pi  st-mi  mination  revealed  an  incn 

in  <  -ue  of  the  a-r  bundle  with  wide  separation  of  the  fil 

and  M  a<  b  -    of  auricular  fibrilla- 

i  in  which  the  ventricles  beat  regularly  at  a  rate  of  minute. 

as  of  the  electrocardiograph  th  ed  that  the  impulses  from 

dg  auricles  were  nol  I  to  the  ventricles  and  that  the 

-  originating  tin-  rhythm  of  tarted  at  a  point  in  I 

'.all  not  far   removed    from   the   auriculo-ventricular   rine. 
thus  good  reason  to  si  ■    occasionally  s 

in  a  fibrillation  is  dm  mplete  heart-block,  aa  the 

Mackenzie  has  shown  that  digital]  far  more  readirj 

nt   in   Bin  ibrillation   than   in  ai 

'i<>n.  wit!  partial  heart-block.    This 

tudies  this  condition. 

slowing  pro- 

nistratio]  roduction  by  ibis 

dni:  ,.  nf 

!  of  the  fibril 
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It  is  well-known  that  digitalis,  either  through  the  vagus  or  directly  or 
both,  often  depresses  the  conductivity  of  the  bundle  of  His.  This  is 
especiallv  the  case  where  the  conductivity  of  the  bundle  has  already  been 
impaired  by  some  organic  lesion.  Thus  cases  of  partial  heart-block  are 
nearly  always  aggravated  by  digitalis  and  the  case  of  Windle,  in  which 
heart-block  was  apparently  produced  de  novo  by  the  administration  of 
digitalis,  was  one  of  rheumatic  mitral  disease,  in  which  an  impairment  of 
the  conductivity  of  the  bundle  is  not  infrequently  found.  Similarly 
Mackenzie  has  shown  that  of  cases  of  auricular  fibrillation,  those  which 
are  of  rheumatic  origin  or  those  in  which  mitral  stenosis  is  present,  are 
most  susceptible  to  digitalis.  It  is  therefore  reasonable  to  suppose,  that 
in  these  cases  we  have,  besides  the  auricular  fibrillation,  a  pre-existing 
impairment  of  conductivity  and  that  digitalis  here  produces  its  excep- 
tionally great  retardation  of  the  pulse  by  still  further  depressing  the 
conductivity  of  the  already  organically  diseased  bundle.  Further  clinical 
and.  if  possible,  experimental  evidence  is  needed  to  prove  the  validity  of 
this  thci.rv  in  all  cases.  It  is  believed  that  the  second  case,  to  be  reported 
below,  may  be  of  value  in  this  connection. 

In  all  case*  hitherto  reported,  in  which  digitalis  has  slowed  the  pulse 
in  auricular  fibrillation,  the  action  of  the  drug  has  been  temporary.  Even 
when  the  slow,  regular  pulse  of  complete  heart-block  has  been  produced, 
a  discontinuance  of  the  drug  has  been  followed  by  a  return  of  the  rapid. 
irregular  pulse  characteristic  of  uninfluenced  auricular  fibrillation.  That 
this  need  not  always  be  the  case,  it  is  the  object  of  this  communication  to 
show.  It  would  seem,  from  the  two  cases  to  be  related  below,  that  occa- 
sionally the  depression  produced  by  digitalis  in  the  conductivity  of  the 
diseased  bundle  may  result  in  a  permanent  injury  to  the  latter,  leading  to 
the  production  of  a  complete  and  permanent  heart-block  with  its  charac- 
teristic regular  and  extremely  slow  pulse.  They  further  seem  to  show  that 
this  is  an  eminently  undesirable  accident,  since  in  both  patients  the 
condition,  after  the  establishment  of  the  complete  block,  was  far  worse 
than  before  and  death  ensued  in  ten  and  sixty-four  days,  respectively. 

(ask  1. — Male,  aged  80  years.  Xo  rheumatism,  syphilis  or  alcoholism.  In 
I  m;s.  while  suffering  from  a  severe  laryngitis,  lie  had  a  sudden  attack  of  syncope 
in  which  lie  thought  lie  was  dying.  He  felt  well  the  next  day.  but  soon  after  began 
t't  have  periods  of  dyspnea  on  slight  exertion,  which  slowly  grew  more  frequent 
and  more  severe.  He  did  not  consult  a  physician  but  twenty  years  later  they  bad 
become  so  harassing,  coming  on  once  a  month  or  oftener  and  lasting  several  days. 
that  he  retired  from  business.  Since  1906  he  had  been  more  or  less  of  an  invalid 
— weak,  dyspneic,  with  periods  of  cardiac  palpitation  and  occasional  precordial 
pain.  His  feet  and  legs  became  edematous  and  continued  so  until  I  saw  him  in 
1908.  I  found  him  with  an  enormously  dilated  heart,  mitral  and  aortic  regurgi- 
tation; marked  arteriosclerosis,  congested  and  ptotic  liver,  great  edema  of  legs, 
rapid  and  irregular  pulse,  urine  scanty  with  albumin  and  casts.  The  usual  treat- 
ment led  to  a  gradual  amelioration  of  his  symptoms.  Every  few  months  there- 
after, he  had  a  relapse,  which  always  yielded  promptly  to  digitalis. 
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In  April.  1910,  I  began  to  study  1 1 1  —  pulse  with  the  Jaquet  cardio-sphygmo- 
graph,  which  showed  the  condition  ti>  be  one  <>f  auricular  fibrillation.  On  .tunc  21, 
having  been  without  medication  for  some  time,  hi-  puls<  was  irregular,  averaging 
70  beats  per  minute  with  occasional  bigeminy  and  with  the  jugular  pulse  of  auricu- 
lar fibrillation  I  Ki'_r.  1  i.  Under  digitalis  (digalen  1  c.c,  t.i.d. ) ,  his  pulse  became 
v.-ry  -low  1 38  per  minute)  and  nearly  regular  (Fig.  2)  without  subjective 
improvement.  The  digitalis  was  discontinued  but  the  heart-block  pulse  pi  -  - 
I  Fig.  3),  dropping  to  33  beat-  per  minute  on  July  5,  and  continuing  unchanged 
until  his  sudden  death  on  July  8.     An  autopsy  was  refused. 
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Fig.   i. — Jugular  and   radial   pulse  Bhowing  auricular  fibrillation  uninfluenced 
by  digitalis. 


Fig,  2. — Apex  heat  and  radial  pulse  after  a  week  of  digitalis.  Note  typical 
heart-block  pulse.  The  irregularity  in  the  - ml  pulse  beat  is  due  to  a  move- 
ment of  the  pat  ient's  hand. 


Fig.  •'-.     Jugular  and  radial  tracing,  one  week  after  digitalis  was  discontinued. 
The  jugular  pulse  -how-  auriculai    fibrillation,  the  radial  complete  heart  block. 

We  have  here,  then,  a  case  of  auricular  fibrillation  in  which  ;i  i lerate 

dose  of  digitalis  produced  complete  auriculo-ventricular  Murk,  the  latter 
persisting  until  the  patieni  died,  ten  days  after  the  discontinuance  of 
the  digitalis. 

Male,  aged  68  years,  was  admitted   to  the  Washington   I  Diversity 
Hospital,  service  of  D     I  Dock,  oi    D       8,  1911      Besides  the  usual  diseases 

of  childhood,  h<   had  had  pneumonia  al  the  a  and  meningitis  at    19 

years.  There  was  no  historj  of  rheumatism  or  of  syphilis,  but  a  definite  one  of 
long  continued  alcoholism.  In  June,  1910,  he  \\a-  neverelj  injured  aboul  the 
head.     The  accident    was   followed   bj    a   seriet  ilsions,  ven    suggestive  of 


ALBERT     E.     TAUSSIG 


339 


epilepsy  and  recurring  at  irregular  intervals  up  to  the  time  of  his  death  nearly 
two  years  later.  During  some  of  these  he  bit  his  tongue  and  otherwise  injured 
himself.  In  October.  1910.  he  first  noticed  evidence  of  cardiac  incompetence: 
dyspnea  and  cardiac  palpitation,  varying  in  intensity,  but  on  the  whole  growing 
steadily  worse  until  he  entered  the  hospital  on  December  8,  1911.  At  this  time, 
the  heart  was  found  moderately  enlarged,  with  evidence  of  dilatation  of  the  left 
auricle  and  very  irregular  action.  A  low-pitched  murmur  was  audible  over  the 
apex,  beginning  just  after  the  second  sound  and  occupying  the  first  portion 
of  diastole.  'When  the  latter  was  long,  a  distinct  interval  of  silence  could  be  made 
out  between  the  end  of  the  murmur  and  the  beginning  of  the  first  sound.  There 
was  some  pulmonary  edema  but  none  of  the  feet.  The  liver  was  not  enlarged. 
The  maximal  blood-pressure  varied  from  110  to  140  mm.  Hg,  according  to  the 
strength  of  the  individual  cardiac  contractions,  the  minimal  pressure  being  about 
90  mm.  The  jugular  and  radial  tracings  showed  the  presence  of  auricular  fibrilla- 
tion (Fig.  4),  confirming  the  evidence  of  the  murmur,  which  was  identical  with 
that  described  by  Mackenzie  as  characteristic  of  mitral  stenosis  when  coexisting 
with   auricular  fibrillation. 

Digitalis  was  given,  at  first  tentatively,  but  later,  when  this  seemed  ineffective, 
in  doses  of  1  c.c.  of  the  tincture  every  four  hours.  Xo  marked  effect  was  produced 
until  eight  doses  had  been  given.  Then,  at  midnight,  the  resident,  Dr.  Brother- 
hood, was  called,  as  the  patient  was  in  convulsions.  He  found  the  pulse  40  beats 
per  minute  with  long  periods  of  asystole  and  ordered  the  digitalis  discontinued. 


Fig.     4. — Jugular    and     radial     pulse    uninfluenced    by    digitalis 
fibrillation. 


Auricular 


The  next  day  the  patient  seemed  weak  but  was  not  carefully  observed.  On  the 
following  day.  however,  he  went  from  one  convulsion  into  another,  each  lasting 
a  minute  or  two,  apparently  accompanied  by  hallucinations  and  followed  by  a 
brief  period  of  confusion.  There  was  no  dyspnea  or  cyanosis.  The  pulse  was  very 
slow  but  strong,  with  frequent  intermissions,  sometimes  lasting  several  seconds, 
and  very  suggestive  of  heart-block  (Fig.  5,  6  and  7).  It  sometimes  seemed  as 
though  a  seizure  were  preceded  by  an  unusually  long  intermission,  but  of  this  I 
was  not  quite  sure.  It  was  impossible  to  feel  or  record  the  pulse  during  an  attack 
on  account  of  the  violence  of  his  motions.  The  cardiac  outlines  and  sounds  did  not 
differ  from  those  previously  recorded.  Atropin  sulphate  gr.  1/60  hypodermically 
produced  no  effect  on  the  pulse.  This  same  day  (December  20)  the  patient  was 
taken  home,  where  I  saw  him  thereafter  at  frequent  intervals.  On  December  20 
the  pulse  wa-  nearly  regular.  20  beats  per  minute,  still  with  the  jugular  pulse 
of  auricular  fibrillation  (Fig.  8).  On  the  following  day  the  pulse  became  entirely 
regular  and,  from  this  time  until  hi--  death  on  February  23,  the  cardiac  condition 
was  unchanged. 

The  pulse  remained  very  slow,  varying  between  30  and  40  beats  per  minute, 
entirely  regular  except  for  rare  extra-systoles;  many  tracings  were  taken  from 
time  to  time,  of  which  two  are  here  reproduced  (Figs.  9  and  10).  The  cardiac 
dulness  and  the  murmur  remained  unchanged.  From  week  to  week,  the  dyspnea 
increased  but  there  was  never  any  evident  cyanosis.  The  convulsions  came  on 
frequently  and  at  irregular  intervals,  the  latter  sometimes  being  a  week  or  more 
in  duration.  Xo  difference  in  the  pulse  could  be  noted  between  the  convulsive  and 
non-convulsive  periods.     Frequent  attempts  were  made  to  influence  the  pulse  by 
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swallowing,  pressure  '>n  the  vagi,  large  doses  of  atropin  and  of  digitalis,  but  no 

effect   could  ever  be  noted.     The  bl l-pressure  remained  of  the  heart-block  type, 

the  maximal  pressure  averaging  195  nun.  II-.  the  minimal  60  nun.  On  February 
23  be  died,  witb  no  change  in  lii-  condition  except  a  progressive  weakness  and 
dyspnea.  Until  a  minute  or  two  before  his  death,  thai  i-  as  long  as  the  pulse  could 
be  felt,  ii  maintained  it-  slow,  regular  rhythm.  An  autopsj  was  performed  a  few 
hours  after  death,  by  Dr.  George  M.  Smitb  of  the  pathologic  department  of  Wash- 
ington  University. 
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Fig.  7. 

I  igs.  5,  6  and  7.     Jugular  and  radial  pulse,  _  l  I rs  after  digitalis  was  discon 

tinued.  Auricular  fibrillation.  The  occasional  long  pauses  between  beats  are 
suggestive  oi  partial  heart  block.  In  Fig.  7.  two  respirations  are  recorded  in 
the  jugular  pulse  during  a  period  of  asystole.  During  tlii-  and  the  following 
diastole  the  blood-pressure  fell  so  greatlj  thai  the  collapsing  radial  allowed  the 
win ing  i"iint  to  leave  the  paper. 

The  following  ie  an  abstrai  i  of  the  pathologic  findings,  a  more  detailed 
accounl  of  which  will  appear  elsewhere: 

[natotnical  Diagnosis.  Valvular  disease  of  the  heart;  mitral  Btenosis;  fibrous 
myocarditis.  General  arterial  sclerosis;  calcification  of  pari  of  ventriculai  Ben 
turn  causing  destruction  "i  auriculoventriculai  bundle;  edema  of  lungs,  chronii 
pleuritis  (right);  chronic  passive  congestion  "t  lungs,  liver,  spleen  and  kidney; 
.'  scites  i  porencephaly. 

Two  small  cysts,  probablj  caused  bj  old  hemorrhages,  were  found  al  base  of 
the  occipital  lobes.  Brain  otherwise  was  normal.  Sections  from  the  cortex  of 
t  he  motoi  a  rea  show  ed  no  changes. 

Weigh  I  of  heart  :U7  grams.  Moderate  hypertrophy  of  both  ventricles,  Dilata 
tion  of  both  auricles.  Thrombus  \\a-  found  in  the  wall  of  the  left  auricle.  Both 
initial  leaflets  were  much  thickened  and  produced  a  contraction  "t  the  mitral 
orifice  bo  thai  this  barelj  admitted  the  tip  of  the  little  finger.     At  the  base  of  the 
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aortic  leaflet  of  the  mitral  valve  there  was  a  large  irregular  calcareous  mass 
extending  over  into  the  ventricular  septum.  This  nodule  met  and  practically 
destroyed  the  auriculo-ventricular  bundle  just  anterior  to  the  septum  membran- 
aceum  before  the  bifurcation  of  the  bundle  had  occurred.  The  microscopic  sec+ions 
exhibiting  the  maximum  point  of  injury  showed  that  merely  a  few  scattered 
muscle  fibers  still  remained.  The  node  of  Keith  and  Flack  contained  a  consider- 
able  amount  of  fibrous  tissue. 


Fig.  8. — The  pulse  has  become  comparatively  regular  and  very  slow,  suggest- 
ing nearly  complete  heart-block.  As  in  all  the  tracings,  the  jugular  pulse  shows 
that  the  auricle  is  fibrillating. 

Tin-  case  presents  several  points  of  interest.  Tracings  5,  6  and  7  seem 
clearly  to  show  the  onset  of  partial  heart-block  following  the  adminis- 
tration of  digitalis.  Tracing  8  shows  evidence  of  nearly  complete  block 
on  the  following  dav.     This,  as  indicated  bv  Tracings  9  and  10.  became 


Fig.    9. 


Fig.  Ki. 
Figs.   !•   and    ID. — Two   examples   of    nearly   daily    tracings   taken  between   the 
onset    of  complete   heart-block  on  December  21,  and   death  on    February   23.      All 
show  continued   auricular  fibrillation   in   the  jugular   pulse  and  evidence  of  com- 
plete heart-block  in  the  radial. 

complete  and  remained  permanent.  The  fact  that  neither  vagal  stimula- 
tion, atropin  or  digitalis  affected  the  block,  is  evidence  that  the  latter  was 
not  functional  but  organic,  and  this  conclusion  is  borne  out  by  the  path- 
ologic findings. 

The  conclusion  thus  seems  justified  that  we  had  here  a  heart  with  an 
anatomically  impaired  auriculo-ventricular  bundle,  hot  one  still  competent 
to  transmit  auricular  impulses;  the  digitalis,  by  still  further  depressing 
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its  conductivity,  administered  the  coup  &t  grac(  to  the  diseased  bundle 
and  led  to  it-  complete  and  permanent  obliteration.  It  is  possible,  of 
course,  that  the  block  was  entirely  due  to  the  gradual  extension  of  the 
anatomic  Lesion  of  the  "->•  bundle,  which  at  this  moment  happened  to 
interrupt  it-  continuity,  at  first  nearly  and  then  <|uite  completely,  inde- 
pendently of  the  digitalis,  and  that  the  administration  of  the  latter  was 
merely  a  '"incidence.  The  fact,  however,  that  the  phenomenon  Eol 
the  use  of  digitalis  in  two  cases  renders  this  hypothesis  less  probable  than 
the  other. 

Whether  the  patient's  convulsions  were  due  to  the  bradycardia  remains 

problematic .     Some  of  them  were  certainly  epileptic  and  perhaps  all  of 

were  so.     Tt  may  be  that  the  cerebral  anemia,  resulting  from  the 

block,  stimulated  the  brain  to  the  production  of  an  increased  QumbeT  of 

;  ic  seizures. 

It   i-  a   pleasanl  dutj    t"  thank  my  honored  chief,  Dr.  George  Dock,  for  pel 
mission  to  repori  this  case  and  for  the  interest  shown  during  it>  study. 
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THE    ADEEXAL    GEAXDS    AXD    BLOOD-PEESSUKE  * 
R.  G.  HOSKIXS,  Ph.D.  and   C.  W.  McCLURE,  M.D. 

COLUMBUS,    OHIO 

The  first  significant  contribution  to  the  function  of  the  adrenal  glands 
was  made  by  Addison,  when,  in  1855,  he  discovered  their  relation  to  the 
disease  which  bears  his  name.  Stimulated  by  this  discovery,  Brown- 
Sequard  the  following  year  succeeded  in  demonstrating  that  removal  of 
both  glands  in  an  experimental  animal  leads  to  a  marked  asthenia  of  the 
muscular  structures  of  the  body  such  as  characterizes  Addison's  disease. 
In  1895  Oliver  and  Shaefer  showed  that  adrenal  extract  has  a  powerful 
effect  on  blood-pressure — a  fact  that  was  independently  discovered  by 
Cybulski  and  Szymonowicz.  It  has  since  been  shown  that  this  effect  is 
produced  by  extracts  of  the  medullary  portion  of  the  gland  only.  It  is 
shared,  however,  by  extracts  of  chromaffin  tissue  wherever  found.1 

Probably  the  most  significant  discovery  of  recent  years  is  that  the 
injection  of  adrenal  extract  is  exactly  equivalent  to  stimulation  of  the 
sympathetic  (thoracico-lumbar  autonomic)  nervous  system.  The  result 
of  such  injection  depends  in  any  organ  on  its  sympathetic  innervation. 
If  it  has  no  sympathetic  fibers  no  effect  is  produced.  If  such  fibers  are 
present  the  effect  is  stimulation  or  depression,  depending  on  which 
function  is  mediated  by  these  fibers.  Finally,  in  an  organ  in  which  sym- 
pathetic impulses  are  infrequent  the  injection  has  correspondingly  slight 
effect.3  Eecent  researches  at  the  Harvard  Medical  School3  have  shown 
that  during  periods  of  particular  stress  the  adrenals  are  stimulated  to  an 
'augmented  secretion  which  reinforces  the  sympathetic  activity  character- 
istic of  such  periods.  In  cats  under  the  influence  of  anger  or  fear, 
partial  asphyxia  and  strong  sensory  stimulation  epinephrinemia  has  been 
demonstrated. 

The  idea  very  generally  obtains  that  an  important  function  of  the 
chromaffin  tissue  is  to  maintain  a  constant  tonic  activity  in  the  sympa- 
thetic system.  Whether,  however,  such  influence  is  mediated  during 
periods  of  ordinary  quiet  existence  is  questionable.  The  theory  is  based 
largely  on  an  assumption  that  minimal  quantities  of  circulating  epi- 
nephrin  have  an  effect  qualitatively  similar  to  that  of  the  comparatively 
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cent:  Ergebn.  d.  Physiol..   1010.  ix.  509. 

2.  Elliott:    Jour.  Physiol.,   1905.  xxxii.  401. 

3.  Cannon  and  de  la  Paz:   Am.  Jour.  Physiol..  1911.  xxviii.  64.     Cannon  and 
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enormous  quantities  thai  have  usually  been  employed  in  experimental 
investigations.  Such  an  assumption  is  not  necessarily  true.  It  is  possible 
thai  the  threshold  of  stimulation  is  sufficiently  high  no!  to  be  reached  by 
rdinary  concentration  of  circulating  epinephrin,  Thai  differenl 
quantities  of  epinephrin  may  have  differenl  effects  is  shown  by  the  fact 
thai  in  the  small  intestine  a  stimulating  effecl  of  epinephrin  has  been 
Doted  when  very  dilute  solutions  are  used,  whereas  the  effecl  of  stronger 
solutions  is  depression.4  A  similar  reversal  of  reaction  has  been  ooted 
recently  by  Stewart5  when  very  dilute  solutions  arc  applied  to  uterine 
n'--ue. 

In  view  of  the  fad  that  the  sympathetic  nervous  system  has  an 
important  regulatory  influence  in  the  so-called  "vital  functions,"  it  is  a 
question  of  considerable  moment  whether  the  adrenals  actually  do  have 
tl  •  assumed  tonic  influence  on  this  system.  It'  ><>.  the  vital  activities  must 
constantly  fluctuate  with  variations  in  the  activity  of  the  glands.  Am. 
diagnosis,  then,  thai  fails  to  take  them  directly  into  accounl  is  to  thai 
extenl  inadequate.  Similarly,  if  they  have  such  an  importanl  function, 
every  autopsy  should  include  ool  only  a  careful  microscopic  examination 
of  the  glands,  bul  also  a  physiologic  determination  of  the  potency  of  their 
chromaffin  tissue.  If  the  tonic  activity  <>!'  the  sympathetic  system  does 
depend  on  these  organs  their  functioning  musl  be  a  major  factor  in  the 
physiologic  regime  as  well  as  in  many  symptom  complexes. 

I    ere    is,   however,   as    previously    indicated,   a    possibility    thai    the 

peculiar  relationship  subsisting  between   the  chromaffin    tissue  and   the 

sympathetic  syst<  m  is  of  utility  only  during  periods  of  special  stress.     In 

evenl    there  would  ordinarily    be  no   probable  error   introduced    in 

diagnosis  by  a  failure  to  consider  the  adrenals. 

Of  the  bodily  functions  controlled  by  the  sympathetics,  bloi  d-pressure 
i-  supposedly  one  of  the  mosl  sensitivi  to  epinephrin.  For  this  reason 
and  on  accounl  of  the  ease  With  which  blood-pressure  can  be  recorded, 
studies  of  the  relation  of  the  adrenals  to  the  sympathetics  can  well  be 
made  mi  the  vasomotor  Bystem.  Possibh  the  two  -besl  known  facts 
regarding  the  physiology  of  the  adrenals  are  thai  their  deficiency  causes 
vascular  hypotension,  while,  on  the  other  hand,  injection  of  epinephrin 
causes  a  marked  hypertension.  There  are  two  possible  factors  in  this 
hypertension  -increased  vasoconstriction  and  augmented  hearl  beat.  The 
latter  factor  is  frequentl}  masked  h\  a  cardiac  inhibition  mediated  h\ 
the  vague  nerve  a  reflex  reaction  to  the  increased  blood  pressun 
lowing  vasoconstriction.  Ii  i-  nol  to  be  supposed,  however,  thai  the 
cardiac  stimulation  is  in  abeyance;  a  similar  vasoconstriction  without  the 
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supporting  epinephrin  stimulus  to  the  heart  would  lead  to  a  considerably 
greater  cardiac  inhibition  with  correspondingly  smaller  elevation  of 
pr<  —tire. 

EFFECTS    OF    EXPERIMENTAL   ADRENAL   DEFICIENCY 

A  condition  of  adrenal  deficiency  can  be  obtained  experimentally  by 
extirpating  the  glands  or  by  occluding  their  circulation;  these  procedures 
give  a  condition  of  extreme,  though  not  absolute,  chromaffin  deficiency. 
As  to  the  ultimate  effects  of  such  experiments  there  is  no  question. 
Within  a  few  hour-  to  a  U:\v  days  there  develops  an  asthenia  which  is 
shared  by  the  musculature  of  the  circulatory  system  and  leads  to  extreme 
vascular  hypotension.  As  to  the  immediate  effects,  however,  the  evidence 
is  not  concordant.  A  number  of  investigators  have  studied  the  effects  of 
tying  off  the  adrenal  vessels  while  blood-pressure  was  being  recorded. 
Strehl  and  "Weiss6  noted  in  rabbits  a  fall  of  pressure  immediately  suc- 
ceeding such  ligation,  followed  by  an  immediate  rise  when  the  ligatures 
were  released.  But  Young  and  Lehman.7  performing  the  suae  experi- 
ment on  dogs,  observed  on  ligation  but  little  fall,  and  that  occurred  very 
gradually.  When  the  ligature-  were  released  there  followed,  in  three  of 
their  eight  experiments,  a  decided  rise  of  pressure;  in  two.  a  slight  rise 
and  in  three,  no  effect.  Young.8  who  subsequently  repeated  the  work, 
observed  no  significant  fall  of  pressure  for  hours  after  tying  off  the 
glands.  Similar  negative  results  have  been  obtained  by  Kahn9  in  rabbits, 
and  by  Hoskins  and  McClure10  in  dogs. 

That  circulating  epinephrin  is  quickly  destroyed  is  well  known.  If. 
therefore,  the  adrenals  by  their  secretion  exert  a  constant  tonic  influence 
on  the  sympathetic  system,  ligating  off  the  glands  should  result  in  an 
immediate  fall  of  pressure.  The  failure  of  such  a  result  militates  against 
the  view  that  a  tonic  influence  exists.  It  is  to  be  noted  that  in  such 
experiments  the  effects  of  making  the  occlusions  alone  are  significant. 
Whether  or  not  a  subsequent  rise  occurs  when  the  vessels  are  released, 
means  little.  Checking  the  circulation  in  any  given  case  might  result 
either  in  a  long  continued  depression  of  the  glands  such  as  occurs  in  the 
kidney  after  occlusion  of  the  renal  vein,  or  in  an  accumulation  of 
elaborated  secretion.  Consequently,  releasing  the  vessels  would  not  be 
at  all  likely  to  restore  normal  conditions  and  any  effect  produced  would 
not  be  intelligible. 


ti.   Strehl  and  Weiss:   Arch.  f.  d.  ges.  Physiol..  1901,  Ixxxvi.   107. 

7.  Young  and  Lehman:  Jour.  Physiol.,   1908,  wxvii.  \>.  li\. 

8.  Young:  Cited  by  Vincent   (Note  1). 

!t.  Kahn:   Arch.  f.  d.  ges.  Physiol.,   1911,  cxl.  210. 
1<>.  Ho-kins  and   McClure:   Am.  Jour.  Physiol..   1912.  xxx.  192. 
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I.I  I  I  I   l>    OP    IV  I  l  TING    ll'l  \  EPH  l;i\ 

Another  method  of  investigating  the  relation  of  the  adrenals  to  Uood- 
pressure  is  to  determine  ;it  what  rate  epinephrin  mu>t  be  injected  into  the 
blood-stream  of  an  animal  to  cause  a  minimal  rise  of  pressure,  and 
compare  this  with  the  actual  rate  of  secretion  by  the  adrenal  glands. 
Very  little  work  apparently  has  been  done  along  this  line,  but  Lewan- 
dowski  has  observed  that  the  injection  into  an  experimental  animal  of 
blood  from  the  adrenal  veins,  at  the  rate  at  whir]]  it  normally  flows,  has 
no  effect  on  blood-pressure.1  The  proposed  plan  of  procedure  at  once 
raises  several  questions:  What  is  the  concentration  of  epinephrin  in  the 
od  in  the  adrenal  veins?  What  is  the  ran-  of  blood-flow  in  these  veins? 
I-  there  normally  an  accumulation  of  epinephrin  in  the  blood-stream 
sufficient  to  maintain  a  concentration  above  the  threshold  value  for 
sympathetic  stimulation  ': 

As  to  the  concentration  of  epinephrin  in  adrenal  blood,  Ehrmann*11 
using  the  enucleated    frog's  eye  as  .1   test   object,  Found  in  the  rabbit  a 

vah f  L:1,00'0,000  to  L  :10,000,000.     Watterman  and  Smit,12  however. 

having  ooted  thai  fresh  serum  causes  mydriasis  independent  of  its  epi- 
nephrin content,  thought  Ehrmann's  value-  too  high.  Making  similar 
determinations  after  keeping  the  serum  for  twenty-four  hour-  on  ice,  they 
round  a   mydriasis  corresponding  to  that   of  an  epinephrin  solution  of 

1:1". "IH|. '.     This  the\    regarded  as  the  normal  concentration.     More 

recently,  O'Connor,13  with  better  technic,  using  Trendelenburg's  frog 
perfusion    method,   has    found    epinephrin    in    plasma    from   the   rabbit's 

adrenal  veins  in  concentration  of   1:1, ,l to  L:5,000,000.     Stewart8 

has  recently  reported  an  instance  in  which  he  was  unable  to  deteqt  epi- 
nephrin in  the  adrenal  blood  of  a  dog. 

In  order  to  avoid  as  far  as  possible  abnormal  experimental  conditions, 
we  attempted  first  to  determine  in  the  dog  somewhat  indirectly  the 
adrenal  output.  Cannon  and  de  la  Paza  have  described  a  method  of 
obtaining  samples  of  blood  l>\  inserting  a  flexible  catheter  through  the 
femoral  vein  into  the  vena  cava  to  the  adrenal  region.     We  hoped  to  be 

able  to  demonstrate  in  bl I  - llected  an  epinephrin  content  enough 

higher  than  that  of  ordinary  venous  blood  to  permil  a  determination  of 
the  difference.  Then,  l>\  allowing  for  subsequent  dilution  in  the  heart, 
and  considering  the  rate  of  general  blood-flovi  we  might  calculate  the 
rate  of  epinephrin  3e<  retion.  But  the  quantity  secreted  proved  too  mi  nun 
for  detection  by  the  rabbit  intestine  method  (described  below)  which 
was  used.  It  was  proved,  however,  that  there  1-  a  difference  of  less  than 
l  :100,000,l mi  the  epinephrin  content  of  blood  from  the  vena  cava  at 


11.  Ehrmann:   Arch.  f.   Exper.  Path.  u.  Phartn.,   1905,  Iv, 

12.  \\  .itt.  1  in. hi  and  Smit:    Irch.  f.  d.  ges.  Physiol.,  1908,  cxxiv,   L98 
18.  <•'(  onnoi      \n  1,    1    exp<  1 ,   Path.  u.   Phai  m.    1910,  Ixiii,   161. 
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the  mouths  of  the  lumbo-adrenal  veins  and  that  from  the  femoral  vein. 
These  results  indicate  roughly  that  there  is  in  the  arterial  blood  as  it 
leaves  the  heart  at  most,  less  than  one  part  of  epinephrin  in  200,000,000. 
Being  unsuccessful  in  these  attempts,  we  then  made  a  number  of 
direct  determinations  of  the  epinephrin  content  of"  the  blood  from  the 
lumbo-adrenal  veins.  The  blood  was  collected  by  a  method  that  has  been 
used  by  a  number  of  other  investigators.  The  animals  were  etherized, 
then,  while  the  viscera  were  protected  by  warm  towels,  the  vena  cava  and 


Fig.  1. — Epinephrin  content  of  blood  from  adrenal  veins.  Segment  of  rabbit 
intestine  beating  in:  1.  Blood  from  femoral  vein.  2.  Blood  from  adrenal  vein. 
3.  Adrenalin  1:4,000,000.  4.  Blood  from  adrenal  vein.  5.  Adrenalin  1:8,000,000. 
0.  Adrenalin  1:0,000.000.  7.  Adrenalin  1:7,000,000.  8.  Blood  from  adrenal  vein. 
Blood  diluted  four  times.  Adrenalin  solutions  in  blood  from  femoral  vein  simi- 
larly diluted. 


aorta  were  ligated  posterior  to  the  renal  veins;  the  renal  veins  were  ligated 
at  the  hilus  of  each  kidney.  Then  an  oiled  right  angle  glass  cannula  was 
inserted  into  one  renal  vein  so  as  to  drain  the  vena  cava,  which  was 
finally  occluded  by  a  hemostat  anterior  to  the  mouths  of  the  lumbo- 
adrenal  veins.     Care  was  taken  to  avoid  massaoino-  the  adrenal  glands. 


348 


i  //'// 1\  i:s    hi     i  \  1 1  i:\  i/.     1/ /:/>/<  /  \  /. 


The  blood  that  had  collected  during  tin-  final  stages  of  the  procedure  was 
carefully  pressed  oul  through  tin-  cannula,  which  was  then  elevated  a  few 
centimeters  t"  simulate  normal  pressure.  After  the  vena  cava  had 
refilled  and  l»I l-flow  was  reestablished  through  the  cannula  a  three- 
minute's  sample  was  taken  for  tests.  Previous  to  \\\\>  about  25  e.c.  of 
blood  was  withdrawn  from  the  femoral  vein  to  serve  a-  a  "standard." 
T  e  blood  in  each  case  was  defibrinated  h\   beating  a-  it  flowed. 


Takh    I. — Outpui  Hi    Ki'i m  1'iiui \  fbow   Adrenai   Glands  oi    Dogs 
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Tin-   figures  in  ill 


'hiiini  represent  c.c.  of  !  :  1,000,000  solution. 


'I'-'  determine  the  epinephrin  contenl  we  employed  the  rabbit  intestine 
method  as  previousl}  described  by  Boskins."  The  method,  in  brief, 
cm-:-!-  of  apphj  ing  the  IiI.miiI  1,,  be  t<  sted  to  a  segmenl  <>!'  rabbit  intestine 
rhythmically  beating   in  defibrinated   U I    Ii the   femoral   vein.     A 

ression  of  the  tonus  and  the  rhythmic  activity  of  the  segment  occurs 
proportional  i<>  the  quantity  oi  epinephrin  present.  The  segment  used 
i-  "calibrated"  in  each  instance  h\  noting  il Sects  "I'  known  concen- 
trations of  epinephrin  in  the  "standard"  hi 1.  In  the  use  of  tin-  intes- 
tine method  better  results  are  usually  obtained  if  the  hi. mi!  i-  diluted  i\\" 
tn  four  times.  In  ordinary  blood  there  is  a  stimulating  substance  that 
ma}  act  bo  strongl}  a-  seriousl}  i"  interfere  with  the  reaction  \>>  epineph- 
rin. In  the  experiments  lierein  reported  "adrenalin"  (Parke,  Dayis 
&  <  <>.  i  was  used  a-  standard  epinephrin. 

In  such  experiments,  incidentally,  blood  must  always  he  used  as 
standard.  Much  confusion  in  the  literature  ha-  arisen  from  attempts  t" 
compare  blood-serum  or  plasma  with  standard  saline  solutions  of  epi- 
nephrin, then  h\  ignoring  the  possible  influence  on  the  test  tissues  of  the 
blood   itself      effects  which   in  even   case  are  significant. 


1)    lln-kin-:  Jour.   Pharm.  and   Exper.  Therap.,   lull.  iii.  03. 

15.  Stewart:    Jour.    Exper.    Med.,    1011,    \i\.    :'.77.      Kahn:     MUncben,     med. 

W.lni-.ln..  L012,  \n.  i::. 
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In  Table  1  is  summarized  the  results  of  our  determinations  of  the 
epinephrin  content  of  the  "adrenal"  blood.  The  proportions  varied  from 
approximately  1 :2,000,000  to  1 :8,000,000,  with  an  average  of  1 :4,200,000. 
Figure  1  shows  the  tracings  from  which  the  estimation  in  case  of  Dog 
"B"  was  made.  Our  results  as  they  stand  are  in  satisfactory  agreement 
with  those  of  previous  investigators.  In  common  with  those  results,  how- 
ever, they  involve  two  sources  of  experimental  error.  The  blood  was 
obtained  under  abnormal  pressure  conditions,  and  was  necessarily  col- 
lected during  strong  sensory  stimulation  incident  to  visceral  exposure  and 
operative  trauma.  The  effects  of  abnormal  pressure  conditions  are  prob- 
lematic: but  strong  sensory  stimulation  lias  been  shown  to  result  in 
excessive  epinephrin  secretion."  It  is  altogether  likely,  therefore,  that 
the  estimated  epinephrin  content  of  the  adrenal  blood  is  higher  than 
obtains  under  normal  conditions. 

Determinations  of  the  rate  of  blood  flow  in  the  adrenal  veins  appar- 
ently have  not  been  made.16    In  Table  1  is  included  the  rate  at  which  the 

U 1  was  collected  in  our  experiments.     It  averaged  12.2  c.c.  per  minute. 

This  rate  probably  only  roughly  approximates  that  under  normal  condi- 
tions. We  found  an  average  output  of  epinephrin  of  approximately  2.5 
v.r.  1  :1, 000,000  solution  per  minute,  or  0.25  c.c.  per  kilo  per  minute. 
O'Connor,13  using  the  same  method  of  collecting  the  blood,  has  found  in 
the  rabbit  an  average  flow  of  approximately  0.5  c.c.  per  minute.  The 
concentration  of  epinephrin  averaged  about  1:2,500,000.  The  epinephrin 
output,  then,  would  be  equivalent  to  about  0.2  c.c.  1  :1,000,000  solution 
per  minute. 

An  indirect  method  of  determining  the  epinephrin  output  suggested 
itself,  a  method  which  would  obviate  the  abnormal  conditions  previously 
mentioned.  We  bad  noted  that  a  certain  amount  of  adrenalin  can  be 
injected  into  a  femoral  vein  without  producing  any  effect  on  blood- 
pressure.  This  fact  can  be  interpreted  in  two  ways:  either  the  normal 
output  from  the  animal's  own  adrenals  is  below  the  threshold  value  neces- 
sary to  affect  pressure,  or  the  vasomotor  system  is  not  sensitive  to  varia- 
tion.- in  the  quantity  of  circulating  epinephrin  of  the  magnitude  used. 
By  direct  experiment  it  was  found  that  differing  effects  were  produced  by 
variations  in  the  quantity  injected,  which  were  decidedly  smaller  than 
the  amount  required  to  produce  an  initial  effect.  Figure  2,  for  instance, 
shows  the  results  of  injecting  varying  quantities  of  1 :500,000  epinephrin 
solution  into  the  femoral  vein  while  recording  carotid  pressure.  The  dog 
was  sensitive  to  variations  of  0.1  c.c.  whereas  0.4  c.c.  was  required  to 
produce  an  initial  effect.  Such  results  indicate  that  the  quantity  of 
epinephrin  normally  circulating  is  not  sufficient  to  affect  the  vasomotor 
svstem. 


lfi.  Burton-Opitz:    Personal    Communication.    1012. 
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It  appeared,  then,  thai  a  comparison  of  the  amount  of  epinephrin 

ssarily  injected  wink'  the  adrenals  were  intacl  to  raise  to  an  effective 

value  the  epinephrin  contenf  of  the  circulating  blood  with  the  quantity 

■  ssary  after  occlusion  of  the  adrenal  •    --    -     rould  show  more  i 
accurately  the  quantity  produced  by  the  glands  themsel1    - 

Pn  a  "ii  this  assumption,  we  made  the  determinations  sum- 
marized in  i'alili  2.  While  carotid  blood-pressure  was  being  recorded  on 
a  slow  extension  kymograph,  adrenalin  solution  was  injected  from  a  buret 
connected  with  a  cannula  in  the  femoral  vein.  Thus  normal  epinephrin 
discharge  was  simulated.  The  burel  was  graduated  to  tenths  of  a  cubic 
centimeter.  The  rate  of  outflow  was  regulated  by  an  ordinary  glass  stop- 
cock.    Adrenalin   in    Ringer's   solution   of    1:100,000  to    L:500, was 

employed  as  the  conditions  of  each  case  required.     For  the  more  sensi- 
tive animals,  of  course  the  higher  dilution  was  used.     The  purpose  was 


I  \  i:i  1      2-     AMOl     .i     m      EPINEPHBIH     REQUIRED    FOB    MINIMAL  EFFECT    05     B] 

Pbessuri    Befobi    ^nd  After  Removal  01    Adrenals 


Minima]  Quanl  ity 
Required  Before 

Minima]  Quantity 
Required  After 

Difference,  Adrenal 
Outpul 
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IVi  ighl 
K  ilos 

Removal  of  <  Hands 

Removal  "t'  <  Hands 

Pi     Dog* 

Pei  Kilo 

Per  Dog* 

Per  Kilo* 

Per  Dog* 

PerKilo 

I'- 

6 

L.5 

0.25 

3 

0.5 

1.5 

0.25 

8 

3 

0.37 

."> 

0.6 

•J 

0.25 

ll 

t 

0.71 
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1.0 

1.6 

0.29 

I 
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0.45 
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0.6 

0.6 

0.15 

•1 

7.2 

2.8 

0.38 

3.6 

0.5 

0.8 

0.12 
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0.3 

0.06 

0.6 

0.13 

0.3 

0.07 
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.; 

0:47 

3 

0.47 
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M 

10 

3.5 

0  .;:, 

0.35 

i  ri- 

0, 

N 

1.6 

G.3 

3.5 
2.6 

0.76 
0.42 

3.5 
3.4 

0.76 
0.55 

Ot 
0.75 

ii 

Av.       | 

0.13 

'I  li«'  figures  in  this  column  represenl   c.c.  of   1:1,000,000  solution. 
f-"0"==lesa  than  0.1,  the  limil  oJ  si  nsitiveness  of  test. 

to  ii-'-  a  solution  sufficiently  concentrated  to  avoid  the  injection  of  Bignifi- 
<  :i ii t  quantities  of  fluid  and  sufficiently  dilute  to  permif  read}  control 
(,(  the  rate  of  epinephrin  injection.     For  convenience,  the  solutions  are  all 

expressed  in  the  table  as  L:1,000,I The  solution  was  l'iv-lil\  prepared 

in  each  instance  jusi  before  use.     [njectiong  were  made  at  various  rates 

1 1  intervals  until  the  minimal  quantity   necessan   to  affei  i  pr< 
was  deti  rmined.    With  such  dilutions  as  were  used,  there  was  no  impair- 
menl  ol  sensitiveness  during  the  experiment.     Usually  the  injections  were 
continued  for  thirty   seconds.    The  experimental  animals  were  etherized 
carefully  to  avoid  excitement,  and  the  cannulas  were  inserted  with  flu* 
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si  feasible  trauma  to  avoid  sensory  stimulation,  both  of  which  influ- 
ences have  been  shown  to  cause  augmented  epinephrin  discharge.8  Uni- 
form light  anesthesia  throughout  the  experiment  was  secured  by  caus 
the  animal  to  breathe  thn  ugh  a  tracheal  tube  from  a  Wolff  flask  contain- 
ing ether;  da  use  oi  a  short  tube  and  small  flask  with  large  openings 
dyspnea  due  to  rebreathing  was  avoidi  d. 

After  the  first  determination  was  made  the  abdomen  was  opened  by 
;i  median  incision,  and  while  the  viscera  were  protected  by  warm  tov*  - 
an  aneurysm  aeedle  carrying  a  double  ligature  was  passed  directly  under 
each  adrenal.  Then  the  ligatures  were  brought  up  one  to  the  mesial  and 
to  the  lateral  side  of  each  gland  and  securely  tied.  Thus  each  organ 
was  con  isolated.     Care  was   taken   uot   to    rupture   the  adrenal 

tissue,  and  thus  to  liberate  any  elaborated  secretion  which  might  be 
resorbed  and  vitiate  the  remainder  of  the  experiment.  The  abdomen 
was  closed,  and  after  a  few  minutes  delay  to  permil  the  immediate  effeel 
of  the  operation  to  pass  off,  a  second  series  of  injections  was  made  and 
the  minimal  quantity  required  to  affecl  pressure  again  determined. 


ui 


Fig.    .'!.     Record    showing    sustained    vascular    hypotension    due    t<>   epiitephrin. 

From  a  b  0.8  c.c.     I  : 200,000  adrenalin  in   Ringer's  soluti I   minute).     Time,  •'!<' 

seconds  ;    pressure,    I  l m. 


From  Table  2  il  appears  thai  to  affecl  pressure  in  the  intacl  animal 
0.42  c.c.  per  kilo  of  L :1,000,000  epinephrin  solution  was  required;  after 
occlu8ionx)f  the  adrenal  vessels  0.05  c.c.  was  required.  Under  fairly  normal 
conditions,  then,  the  adrenal  glands  had  been  producing  as  a  maximum 
approximately  0.13  c.c.   1  :1, 1,000  solution  of  epinephrin  per  kilo,  per 

uute.  These  findings  indicate  thai  the  direel  determinations  of  Table 
I  (0.25  c.c.  per  kilo,  per  minute)  were,  as  supposed,  too  high.  These 
lattei  findings  are  probably  also  liigh,  in  thai  no  allowance  was  made 
for  a  possible  impairmenl  ol  sensitiveness  of  the  vasomotor  system  from 
the  Bhock  incidenl  to  tying  off  the  adrenals.    Supporl  for  i hi-  hypothesis 

Found  in  the  fad  thai  as  greater  facility  in  performing  the  operation 
was  acquired,  the  difference  in  quantity  of  epinephrin  required  to  affecl 
pressure  became  continuously  Bmaller.  The  later  experiments  of  the 
sei  ies  indii  ate  a  very  minute  output. 
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The  data  of  Table  2  answer  the  question  as  to  the  rate  of  injection 
necessary  to  affect  the  blood-pressure  of  an  epinephrectomized  animal. 
An  average  of  0.55  c.c.  1 :1,000,000  adrenalin  per  kilo  per  minute  was 
required.  Both  Tables  1  and  2  indicate  that  epinephrin  is  not  secreted 
in  quantity  sufficient  to  produce  such  effect.  Table  1  shows  a  production 
of  0.25  c.c.  and  Table  2,  0.13  c.c.  per  kilo  per  minute.  The  very  fact, 
however,  that  epinephrin  can  be  injected  into  the  femoral  vein  of  an 
intact  animal  without  affecting  pressure  while  the  animal  reacts  differ- 
entially to  variations  of  less  magnitude  than  the  quantity  first  injected, 
seems  to  obviate  any  real  necessity  for  answering  the  question.  The  data 
of  Table  2  alone  justify  a  positive  conclusion  that  the  adrenals  do  not 
ordinarily  produce  sufficient  epinephrin  to  stimulate  the  sympathetic 
system. 

The  term  affect  rather  than  raise  pressure  has  up  to  this  point  been 
used  advisedly.  Early  in  the  researches  it  appeared  that  epinephrin  is  not, 
as  ordinarily  assumed,  primarily  a  pressor  agent.  The  primary  effect 
of  epinephrin  administered  in  doses  gradually  transcending  ordinary 
physiologic  limits  is  depression.  Figures  2  and  3  show  the  characteristic 
effects  of  minimal  quantities  of  adrenalin.  The  first  effect  to  appear  is  a 
brief,  inconsequential  rise  followed  by  a  subnormal  pressure  and  a  grad- 
ual return  to  normal  while  the  injection  continues  (not  shown  in  tracings 
reproduced).  If  the  dose  is  slighly  larger  the  subnormal  pressure  per- 
sists until  the  adrenalin  is  discontinued.  (See  Fig.  3.)  If  the  dose  is 
slightly  further  increased  a  pressor  effect  appears  that  may  exactly  cancel 
the  depressor  effect  and  leave  the  pressure  after  the  initial  fluctuation  at 
normal  level.  Finally,  with  a  dose  again  increased  a  sustained  hyperten- 
sion may  be  obtained.  Thus,  in  one  typical  instance  in  which  the  point 
was  specifically  under  investigation,  although  the  characteristic  primary 
effect  appeared  with  the  injection  of  3  c.c.  of  1:1,000,000  solution  of 
adrenalin  per  minute,  it  was  not  until  17  c.c.  was  used  that  a  minimal 
sustained  rise  occurred.  The  depressor  effect  of  small  quantities  of 
adrenal  extract  has  been  noted  from  time  to  time  by  previous  investiga- 
tors, but  it  has  been  ascribed  to  general  "depressants"  that  occur  in  tissue 
extracts.1  Such  an  explanation,  however,  cannot  apply  to  the  effects  of  a 
pure  isolated  epinephrin,  such  as  was  used  in  these  experiments. 

As  a  preliminary  note,  mention  may  be  made  that  in  a  series  of 
experiments  now  under  way  but  not  yet  completed,  considerable  evidence 
has  been  accumulated  which  indicates  that  intestinal  peristalsis  is  brought 
to  a  stand-still  by  quantities  of  epinephrin  inadequate  to  exert  a  pressor 
influence.  These  results,  so  far  as  they  go,  seem  to  indicate  conclusively 
that  adrenal  secretion  cannot  be  a  dirct  factor  in  the  maintenance  of 
blood-pressure.  An  organism  obviously  could  not  make  use  of  a  mechan- 
ism which,  to  be  effective  in  other  regards,  would  stop  peristalsis. 
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summary 

1.  Determinations  by  the  rabbit  intestine  method  indicate  a  difference 
in  epinephrin  content  of  the  blood  of  dogs  from  the  adrenal  region  of  the 
vena  cava,  and  that  from  the  femoral  vein  of  less  than  1:100,000,000. 
.This  roughly  indicates  an  epinephrin  concentration  in  arterial  blood  of 
less  than  1 :200,000,000. 

'.  similar  determinations  indicate  an  epinephrin  content  of  blood 
from  the  lumbo-adrer.  of  1 :1. 000.000  to  1  :S;000,000,  and  an  out- 

put of  0.25  c.c.  .1  :1,000,000  solution  per  kilo  per  minute.  This  valui  is 
probably  higher  than  obtains  under  normal  conditions  on  account  of  the 
sensory  stimulation  necessarily  involved  in  collecting  the  blood. 

3.  Comparison  of  the  amount  of  epinephrin  required  to  affect  blood- 
pressure  with  the  adrenals  intact  with  the  quantity  required  after  occlu- 
sion of  the  adrenal  circulation  indicates  as  a  maximum  an  epinephrin 
secretion  of  0.13  c.c.  1:1.000.000  solution  per  kilo  per  minute.  This 
value  is  also  probably  too  high. 

■i.  The  amount  of  epinephrin  necessary  to  affect  blood-pressure  is, 
an  average  approximately   0.42  c.c.   1:1,000,000  solution  per  kilo  per 
minute  in  tl  animal,  and  0.55  c.c.  after  removing  the  adrenal 

glai:   - 

5.  The  characteristic  primary  effect  of  epinephrin  administered 
intravenously  is  lowering  of  bio  -ure. 

6.  The  quantity  required  to  cause  minimal  hypertension  is  several 
times  this  quantity,  or  at  least  ten  to  twenty  times  the  amount  secreted 
by  the  adrenal  glands. 

7.  Incomplete  data  indicate  that  peristalsis  is  depressed  by  quantities 
of  epinephrin  inadequate  to  raise  blood-prese 

'8.  Adrenal  secretion  Le  not,  therefore,  a  direct  factor  in  the  mainte- 
nance of  the  tonus  of  the  vasomotor  Bystem. 

:).  1 1  is  probable,  then,  that  other  activities  controlled  by  the  Bympa- 
ic  aervoue  Bystem  are  ooi  directly  dependent  on  adrenal  activity. 

DISCUSSION 

I;  b  sing  tl  e  unfortunate  profusion  of  speculative  literature  on  inter- 
nal Becretion,  it  is  with  some  hesitation  thai  we  venture  to  discuss  further 

functions  of  the  adrenals.    Attention  may  be  called,  however,  to  ■ 
tain  :  seem  in  this  connection  especially  significant. 

Addison's  and   Brown-S&juard's  early  work  prove  conclusively  that 

glands  do  in  some  way  promote  the  nutrition  of  the  muscular  tissues. 
Biedl's  later  work,  however,  makes  it  appear  probable  thai  this  function 
i-  mediated  by  the  cortical  portion  o  and.1     Data  now  avail 

permit  any  deductions  as  to  how  this  function  is  broughl  about 
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Particularly  significant,  also,  seems  Elliott's2  observation  that  plain 
muscle  deprived  of  its  sympathetic  innervation  acquires  an  increased 
irritability  to  epinephrin.  This  fact  strongly  suggests  that  the  chromaffin 
tissue  has  a  function  of  compensating  for  injury  of  sympathetic  fibers. 
Thus,  after  sympathetic  impulses  fail,  their  place  is  taken  by  epinephrin 
stimulation  of  the  nerve-endings. 

Eecent  researches  on  adrenal  control  carried  on  at  the  Harvard 
Medical  School3  in  connection  with  such  data  as  this  paper  affords,  seem 
to  indicate  that  chromaffin  secretion  is  largely  a  reserve  for  times  of 
special  stress.  Falta  and  Priestly17  have  recently  shown  that  the  injection 
of  large  doses  of  epinephrin  leads  to  an  unusual  distribution  of  the  blood 
in  the  body.  If  the  organs  of  an  animal  under  the  influence  of  this 
substance  are  quickly  tied  off  an  excess  of  blood  is  found  in  the  lungs, 
brain,  liver  and  kidneys,  while  the  skin,  spleen,  mucous  membranes  and 
muscles  are  pale.  Tbat  epinephrin  strongly  inhibits  the  alimentary  canal 
and  stimulates  the  heart  is  well  known.  During  muscular  activity  there 
is  an  increased  blood-flow  in  the  particular  muscles  involved,  brought 
about  by  local  vasodilator  mechanisms.  If  these  local  mechanisms  be 
efficient  to  overcome  the  general  constricting  effect  of  circulating  epi- 
nephrin on  the  blood-vessels  of  the  muscles,  as  they  obviously  must  be, 
there  would  seem  to  be  provided  an  arrangement  to  bring  about  an 
adaptive  distribution  of  the  blood  favorable  to  extreme  muscular  effort. 
Thus,  structures  not  involved  would  remain  quiescent  with  a  restricted 
blood-supply  while  the  active  muscles,  the  central  nervous  system  and  the 
eliminative  organs  would  be  extensively  supplied.  Also  a  reserve  food- 
supply,  the  glycogen  of  the  liver,  would  be  freely  available  to  prevent  the 
hypoglycemia  that  would  otherwise  quickly  ensue. 

The  Harvard  researches,3  in  connection  with  Crile's18  principle  of 
"phylogenetic  association,"  explain  how  this  adaptive  mechanism  may  be 
brought  into  play.  During  the  racial  history,  anger,  fear,  or  pain  have 
commonly  resulted  in  combat  or  flight,  either  of  which  makes  special 
demands  on  the  muscular  system.  Excessive  activity  in  turn  leads  to  a 
condition  of  partial  asphyxia.  This  condition,  as  well  as  the  antecedent 
emotion  or  pain,  causes  an  augmented  epinephrin  discharge,  which  in 
turn  brings  about  the  reactions  previously  mentioned.  The  hypothesis 
derives  additional  support  from  the  fact  observed  by  Cannon,  Shohl  and 
Wright19  tbat  fear  or  anger  in  a  quiescent  animal  actually  does  cause  a 
condition  of  hyperglycemia.  Macleod,20  Edie,  Moor  and  Eoaf21  and 
others  have  noted  a  similar  reaction  to  asphyxia. 


17.  Falta  and  Priestly:  Berl.  klin.  Wchnachr.,  1911,  No.  47. 

18.  Crile:  Boston  Med.  and  Surg.  Jour.,  1910,  clxiii,  893. 

19.  Cannon,  Shohl  and  Wright:  Am.  Jo-jsr.  Physiol.,  1911,  xxix,  280. 

20.  Macleod:    Am.  Jour.   Physiol.,    1909,  xsiii,  302. 

21.  Edie.  Moore  and  Roaf :  Biochem.  Jour.,  1911,  v,  325. 
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Finally,  there  is  considerable  evidence  that  the  adrenals  have  impor- 
tant interrelations  with  other  organs  of  internal  secretion.22  Just  what 
these  relations  specifically  are,  however,  cannot  yet  be  stated. 

The  data  of  this  paper  justify  further  emphasis  of  a  principle  men- 
tioned in  a  previous  communication.4  Studies  directed  towai 
elucidation  of  the  physiology  of  the  adrenal  glands  must  be  quantitative. 
That  the  effects  of  epinephrin  injection  may  vary  qualitatively  as  well  as 
quantitatively  according  to  the  amount  used,  is  definitely  proved.  The 
actual  effect  in  any  organ  is  the  algebraic  sum  of  the  effects  on  the 
component  tissues  —  tissues  which  may  have  varying  thresholds  of  irri- 
tability and  may  be  affected  synergetically,  or,  as  in  case  of  the  intestine,* 
antagonistically.  The  total  effect  may  vary  diametrically,  depending  on 
the  amount  used.  Ignoring  this  fundamental  principle  of  pharmacody- 
namics has  led  to  many  unjustified  conclusions  regarding  adrenal  func- 
tions. In  any  case,  before  any  deductions  regarding  ordinary  adrenal 
physiology  can  be  made  from  the  effects  of  epinephrin  injections,  it  must 
be  shown  that  the  quantities  used  are  within  physiologic  limits. 


22.  For  a  review  of  the  literature  see  Hoskins,  Am.  Jour.  Med.  Sc,  1911,  cxli, 
(March  and  April). 


THE  DIAGNOSTIC  WORTH  OF  THE   GLYCYLTRYPTOPHAN 

AND    THE    TRYPTOPHAN   TESTS    IX   DISEASES 

OF    THE    STOMACH  * 

A  EEPORT   OF   1,175   CASES  STUDIED  BY  A  UXIFOMI  METHOD 
FRANK   SMITHIES,   M.D. 

ROCHESTEB,   MINN. 

The  surgeon  and  the  pathologist  have  shown  that  when  cancer  of 
the  stomach  is  diagnosed  early  that  affection  is  as  amenable  to  treat- 
ment as  is  cancer  in  other  parts  of  the  gastro-intestinal  tract.  At  present, 
it  would  seem  that  early  diagnosis  rests  largely  on  microscopic  exam- 
ination of  sections  of  extirpated  tissue.  Inasmuch  as  prognosis  is 
directly  dependent  on  the  process  at  diagnosis,  it  would  appear  desir- 
able to  elaborate  certain  diagnostic  procedures  that  might  anticipate 
laparotomy  findings. 

Recently  the  physiologic  chemist  has  undertaken  the  investigation 
of  biologic  problems  bearing  on  clinical  medicine.  Various  workers,, 
notably  Miiller,1  Fischer,2  and  Abderhalden3  have  reported  that  malig- 
nant neoplasmata  contain  certain  peptidolytic  enzymes.  This  discovery 
appeared  to  have  clinical  value  when  Neubauer  and  Fischer4  announced 
that  simple  peptids,  particularly  the  dipeptid,  glycyltryptophan,  were 
hydroh'zed  by  cancerous  ferments.  In  the  case  of  glycyltryptophan,  the 
amino-acid,  tryptophan,  which  is  liberated  by  this  cleavage,  can  be 
recognized  readily  in  acid  solution  by  the  rose-pink  color  occurring  on 
the  addition  of  bromin.  This  reaction  forms  the  basis  of  the  "glycyl- 
tryptophan test"  for  cancer  of  the  stomach,  advanced  by  Xeubauer  and 
Fischer. 

Clinicians  generally  have  disagreed  widely  on  the  actual  value  of 
the  test.  The  reaction's  sponsors,  together  with  Lyle  and  Kober5  and 
Weinstein6    early    reported    enthusiastically    on    the    procedure.      Later 


*From  the  Laboratory  of  Gastro-Enterology,  St.  Mary's  Hospital.  Mayo  clinic. 
*Manuscript  submitted  for  publication  June  19,  1912. 

*Read  before  the  American   Gastro-Enterologic   Society,   Atlantic   City,   June 
3-4,   1912. 

1.  Miiller:    Ztschr.  f.  klin.  Med.,  1889,  xvi,  496. 

2.  Fischer:    Deutsch.  Arch.  f.  klin.  Med.,  1902,  Ixxii,  415. 

3.  Abderhalden:    Ztschr.   f.   physiol.   Chem.,   1909,   Ixii,   136. 

4.  Xeubauer  and  Fischer:    Deutsch.  Arch.  f.  klin.  Med.,  1909,  xciii,  499. 

5.  Lyle  and  Kober:    New  York  Med.  Jour.,  1910,  xci,  1151. 

6.  Weinstein:    Jour.  Am.  Med.  Assn.,  1910,  lv,  1085. 
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observers,  especially  Warfield,7  Oppenheim,8  Kohlenberger9  and,  most 
recently,  Sanford  and  Eosenbloom,10  declare  that  the  test  is  of  dubious 
value.  They  admit  that  while  certain  cases  of  cancer  of  the  stomach 
undoubtedly  give  the  reaction,  many  non-malignant  gastric  disturbances 
give  similar  tests.  Factors  claimed  to  influence  the  reliability-  of  the 
reaction  are  swallowed  saliva,  bacteria,  bile  or  blood  in  the  gastric 
extracts,  low  or  absent  free  hydrochloric  acid  and  regurgitated  duodenal 
contents. 

In  October,  1911,  Weinstein11  announced  that  he  had  improved  on 
the  Xeubauer  and  Fischer  test.  He  stated  that  in  extracts  from  cases 
of  carcinoma  ventriculi  there  exist  free  amino-acids,  notably  tryptophan, 
and  that  the  latter  can  be  tested  for  directly  with  bromin.  This  pro- 
cedure appeared  to  render  unnecessary  the  addition  of  glycyltryptophan 
to  such  gastric  contents,  with  search  for  its  cleavage  products  subse- 
quently. This  so-called  "tryptophan  test"  was  claimed  as  a  reaction 
pathognomonic  of  cancer  of  the  stomach.  Weinstein  'did  not,  however, 
go  so  far  as  to  state  just  how  early  in  the  progress  of  the  disease  this 
test  could  be  regarded  as  pathognomonic.  Certainly,  in  the  clinical 
cases  which  he  briefly  quoted,  when  the  tryptophan  test  was  positive, 
other  evidences  of  cancer  were  not  lacking.  Recently  Hall  and  William- 
son12 and  Sanford  and  Eosenbloom10  have  recorded  observations  which 
appear  to  indicate  that  Weinstein's  test  has  even  less  value  than,  in 
their  experience,  had  the  glycyltryptopb.au  test. 

The  great  difference  of  opinion  regarding  the  practical  worth  of  the 
two  tests  mentioned  led  ua  to  make  the  observations  herewith  submitted. 

author's  study 

Fro  er  1,   L911  to  May  15.  1912,  the  Ewald  test  bren' 

was  administered  to   1,626  differenl  individuals  at  St.  Mary's  Hospital 
(Mayo  Clinic).    On  trie  extracts  from  more  than  1.100  of  tl 

patients,  glycyltryptophan  and  i:  a  tests  were  made.     On  1 

different  individ  ticts  were  tested  according 

modification  of  I  [tryptophan  and  the  tryptophan  tests  recently 


7.  Warfield:    Bull.  Johna  Hopkins  Hosp.,  May.  1911,  160. 
ppenheim:  Deutsch.  Arch.  f.  klin.  Bled.,  1910-11,  ci,  29 

9.  Kohlenberger:    Deutsch.  Arch.  f.  klin.  Med.,  1910,  Mix,  148. 

10.  Sanford  and  Rosenbloom:     The  A*  Med.,  1912,  ix,  *46. 

11.  Weinstein:    Jour.  Am  Med.  Assn.,  1911,  Ivii,  1420. 

12.  Ball  and  Williamson:     Lancet,! Ion,  1911,  cbc 
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suggested  by  me.13  This  modification  appears  to  have  the  advantages  of 
requiring  less  of  the  test  ingredients  than  the  Neubauer  and  Fischer 
method,  of  being  a  controlled  procedure,  and  one  in  which  the  end- 
reaction  may  be  easily  determined.  It  is  the  purpose  of  this  communi- 
cation to  report  our  experience  with  the  cases  tested  by  this  uniform 
method. 

Certain  precautions  taken  in  the  manipulation  of  the  reaction  might 
be  mentioned  briefly.  All  glassware  was  boiled  in  distilled  water  and 
dried  before  using.  The  solution  of  glycyltryptophan  employed  was 
obtained,  in  bulk  and  unopened,  direct  from  the  makers.  To  guard 
against  its  tendency  to  crystallize  out,  in  cold  solution,  the  preparation 
was  kept  in  a  water-bath  at  37  C.  until  used.  All  gastric  extracts  were 
carefully  filtered  before  testing,  and  the  tests  were  set  up  within  two 
hours,  at  the  outside,  from  the  time  the  contents  were  taken  from  the 


13.  The  test  is  set  up  as  follows: 

1.  Test-tubes  of  10  c.c.  capacity  are  employed.  These  should  be  carefully 
cleaned  with  boiling  water  and  dried  inside.  They  are  numerically  marked  for 
identification  with  a  wax  pencil.  Into  each  test-tube  is  carefully  measured,  by 
means  of  a  sterile  graduated  pipet,  0.5  c.c.  of  the  glycyltryptophan  solution.  Five 
c.c.  of  the  recently  secured  filtered  gastric  extract  are  then  measured  by  a  clean, 
graduated  pipet  and  poured  into  the  correspondingly  numbered  test-tubes  to  which 
glycyltrytophan  solution  has  been  already  added.  Two  control  tubes  are  used.  In 
one  is  placed  0.5  c.c.  of  glycyltryptophan  solution  and  5  c.c.  of  normal  salt  solution, 
and  into  the  other  is  placed  5  c.c.  of  normal  salt  solution,  without  added  glycyl- 
tryptophan solution.  In  the  entire  series,  each  tube  next  receives  0.5  c.c.  of  toluol 
( Toluene,  Merck ) .  The  contents  of  the  tubes  are  then  mixed  by  inverting  several 
times.  The  tubes  are  next  placed  in  a  water-bath  (an  incubator  may  be  used) 
at  37  C.  for  twenty-four  hours. 

2.  At  the  expiration  of  the  incubation  period,  the  test-tubes  are  removed  from 
the  water-bath.  Clean  test-tubes  of  10  c.c.  capacity  and  numbered  to  correspond 
with  the  gastric  extracts  tested,  as  well  as  the  controls,  are  set  in  racks.  Into 
each  of  these  tubes  is  measured  by  means  of  a  graduated  pipet,  2  c.c.  of  the 
glycyltryptophan-gastric-extract  mixture  lying  below  the  toluol  in  the  recently 
incubated  tubes.  To  each  tube  are  then  added  three  drops  of  a  3  per  cent,  glacial 
acetic  acid  in  distilled  water  solution.  The  tubes  are  well  shaken.  Bromin  vapor 
is  allowed  to  flow  into  each  tube  until  it  appears  amber  yellow  above  the  con- 
tained fluid.  The  tubes  are  again  shaken.  Examination  by  daylight  (preferred) 
or  by  white,  artificial  light  is  now  made  for  evidences  of  the  characteristic  rose- 
pink  reaction  between  the  amino-acid   (tryptophan)   and  the  bromin. 

Tryptophan  Test:  As  suggested  by  Weinstein,  this  is  made,  as  routine,  on 
the  fresh  gastric  extracts,  inasmuch  as,  occasionally,  swallowed  saliva,  amino- 
acids,  regurgitated  duodenal  contents  and  the  like  may  give  the  bromin  vapor 
reaction,  before  incubation  or  without  the  addition  of  a  dipeptid  such  as  glycyl- 
tryptophan. Five  c.c.  of  each  fresh,  filtered  gastric  extract  are  poured  into  test- 
tubes  of  10  c.c.  capacity,  acidulated  with  the  3  per  cent,  acetic  acid  solution  and 
treated  with  bromin  vapor  as  above.  If  no  characteristic  rose-pink  color  results, 
the  tubes  are  incubated  with  the  corresponding  specimens  that  have  been  mixed 
with  glycyltryptophan  solution.  For  accurate  work,  it  has  seemed  best  to  us  to 
cover  these  "tryptophan  test"  contents  with  a  layer  ci  toluol.  At  the  end  of 
twelve,  twenty-four  and  forty-eight  hours,  note  is  made  of  changes  in  color,  and 
these  results  are  compared  with  those  obtained  with  the  preparations  in  the  first 
series.     Jour.  Am.  Med.  Assn.,  1912,  Ivii,  1008. 


360 


ARCHIVES     OF     INTERNAL     MEDICINE 


patieDts.  In  testing  for  tryptophan,  before  or  after  incubation,  bromin 
vapor  was  preferred  over  bromin  water.  It  is  more  readily  controlled 
quantitatively  and  permits  of  better  color  determination.  All  end 
reactions  were  read  bv  davlisht. 


TYPICAL    REACTION'S 

AYhen  bromin  vapor  is  used  for  the  detection  of  amino-acid  (trypto- 
phan), its  presence  is  indicated,  even  in  small  amounts,  by  lilac-violet 
to  rose-pink  shades.  The  color  is  usually  a  lively  one,  and  appears 
quickly.  Admixtures  of  much  blood  and  bile  produce,  respectively,  dirty, 
brownish-yellow  and  muddy-green  to  drab.  In  such,  gradations  in 
shade  are  impossible.  High  organic  acidity  often  gives  rich  purple  or 
magenta  hues.  When  the  color  change  is  opalescent,  with  bluish  or 
delicate  lilac  cast,  the  results  may  be  classed  safely  as  negative. 

RESULTS 

The  gross  results  of  our  observations  are  as  follows :  Of  1,1 7£ 
gastric  extracts  from  individuals  with  gastric  symptoms,  clinically.  110. 
or  9.36  per  cent.,  were  glycyltryptophan  positive.  In  the  same  cases, 
24,  or  2.04  per  cent.,  were  tryptophan  positive,  either  before  or  after 
incubation.  Tables  1  and  2  show,  respectively,  the  number  of  positives 
with  each  test,  associated  with  different  -.    Tables  3  and  4  respect- 

ively consider  the  clinical  and  laboratory  data. 


TABLE    1. — SUMMABY    OF    CASES    GIVING    POSITIVE    GlYCYLTRYTTOPITAN    TEST 

Diagi  No.  of  I  asea 

Achylia  gastrica 6 

Appendicitis  8 

Primary  anemia 3 

Syphili tomacb    1 

Various  (gastritis,  gastric  neurosis, 

nic  diarrhea,  epilepsy  |  10 


Diagnosis                         No.  of  I  'asea 

( 'a  rcinoma  \  entriculi 31 

I  rieus  ventriculi 9 

[noma  of  the  lh   3 

[Jlcer  of  duodenum.  3 

Non-malignant  pyloric  obstruction.  1 

Cholecystitis  ..  .  . 11 

Gall  :                 6 

7 

AchloThvdria   11 


Total   110 


TABLE  _'.     Sttmmaby  of  <  lses  Giving   Positive  Tbyptophaw 


Diagnosis 
Carcinoma   ventriculi. . 

I  flcus  ventriculi 

Ulcer  duodenum 

( !a rcinoma  of  the  li\>-: 

Gall    tones   


No.  of 


Diagi  I '  asea 

Appendix    lesions • 1 

Variou       i  neuroses,    achlorhj  dria, 

tosclerosis  i    fi 

Total   .  .     24 


li   nril]  be  noted  thai  I  the  valuable  fei  I  the  tables 

:  ity  of  thi  hibiting  positive  reai  f  :<>n- 

a  fairly  defii 


Table  3. — Clinical  and  Laboratory  Data  of  'the  Cases  Returning  Positive 
Glycyltryptophan  Test 


Number  and  Name                    Diagnosis  Hg  .  fl  .g ^  $  "S 

•^^S^o  -2  t><y  be  a; 

61563— Leslie  Gall  bladder  infect 46  36  +  0  0  + 

9532 — Graham     Anemia  ( post.  mort. )    00+  0  0  + 

61743 — Belanger    Duodenal    ulcer — opr 86  80  0  +  +  0  + 

61000— Smith    Gall  bladder    46  40  0  0  0  + 

61795— Hillis     Gastritis  chr 14  6  +  0  0  + 

61857 — Kise   Carcinoma  stom. — opr 0  0  +  +  0  0  +  + 

61802 — Fuller    Gastritis;  chr.  append 4  0++  ?  + 

38406— Pew    Gall  bladder  infect 6  0  0  0  0  +  + 

5322S — Eeede   Gastric    neurosis    18  18  +  0  0  +  + 

61852 — Koss     Carcinoma  stomach   4  0  +  0  0  +  + 

61910 — Graybill   Carcinoma   stomach — opr.    ..  0  0  ++  0  ++  + 

61812— Letoman    Epilepsy     10  10  +  +  0  +  + 

61940— Beck   Gastritis— chr 24  24  0  0  0  + 

61862— Huseby Gastric  neurosis   40  30  0  +  +  +  0  + 

61974 — Longtime Gastritis — alcoholic   0  0  +  +  +  +  +  + 

62100— Sehaffer     Carcinoma  stomach— opr.  ...  20  0  +  0  +  + 

62171 — Plan  Carcinoma  stom.  opr 48  0  +  0  ++  + 

62086— Haley   Gastritis— chr 10  0  0  ++  0  + 

62089— Moldenhauer    .  Gastric  ulcer  40  40  0  +  0  + 

62219 — Biehl    Carcinoma  stom. — opr 24  12  +  0  0  + 

62154— Ahlborn   Carcinoma  stom.  opr 8  0  0  +  0  +  + 

62233— Flick    Carcinoma    liver— expl 24  24  +  +  0  +  + 

62260— Chapman   Pyloric  obstr.  non-malignant.  40  32  ++  +  0  + 

62399— Baum     Carcinoma  stom.— opr 0  0+  0  0  + 

53032 — Kopplow    Duodenal  ulcer — opr 50  50  Tr.  +  0  + 

62562— Dunn    Carcino.  Gall  Bl.  opr 6  0  +  +  0  + 

62665— Warner    Gastric   ulcer    28  28  Tr.  +  0  +  + 

37124 — Nelson    Carcin.  stom.  recur 8  0  0  +  0  + 

61072— Zielsdorf     Gall  stones— opr 56  40  0  Tr.  0  + 

62876— Johnson   Cholecystitis    10  0  Tr.  ++  0  +  +  + 

62912— Erickson    Chr.  Ap.  opr 22  18  Tr.  +  0  + 

62971— Maxwell Chr.  Ap.  opr 22  0  0  +  0  + 

62977— Hanson    Ulcer   stomach    48  40  0  0  0  + 

63026— Brooks   Chr.  Appendicitis  32  32  +  +  0  + 

63051— Marian    Neg.  Stom.  Ap 36  32  0  +  0  + 

63093— Taylor    Chr.  Diarrh.  stom.  neg 4  0  0  0  0  + 

63129— Erickson    Stom.  ulcer  and  G.  B.  opr. .  .  32  30  +  0  0  0 

63130— Weech    Chr.  App.  opr 0  0  0  0  0  + 

62699— Wright    Cholangitis 0  0  Tr.  0  0  + 

63030— Gladens    Carcinoma  stomach    8  0  0  0  0  + 

63241 — Berend   Carcinoma  stomach  opr 56  18  +  0  0  + 

63292— Glaesner    Gastric  ulcer  46  46  +  +  0  + 

63197— Smith    Multiple  sclerosis   20  6  0  +  0  + 

63335— Given    Duod.  ulcer;   cholecystitis    .  .  48  40  0  +  0  + 

52034— Rice    Recurrent  Ca.  stomach 10  0  +  +  0  + 

62876— Johnston    Syph.  stom 0  0  0  0  0  + 

63506— Bragen Gastritis     38  22  0  +  0  + 

63547 — Hanson Resect,  stom.  ca 0  0  +  0  ?  4- 

63562 — Arms    Arteriosclerosis  0  0  0  0  0  + 

63600 — Lutke     Appendicitis — neg 44  40  0  +  0  + 

63616— Rarity    Appendix  and  G.  B.  opr 12  0  0  +  0  + 

63653— Allen' Ulcer  stom.  opr 32  28  Tr.  +  0  + 

63636— Carlson    Gall  stones— opr 22  0  0  0  0  + 

63778 — Thompson    ....  Care,  stom 14  0  +  +  +  + 

36884— McEvan  Ulcer  stom 40  30  +  0  0  + 


Table  3. — Clerical  and  Laboratory  Data  of  the  Cases  Returning  Positive 
Glycyltryptuphax  Test    [Continued) 


Number  and  Xame  .      Diagnosis 


c  c 


—  —  _  -r  .x—  *o 
-----              ;  .,  —  •-  K  d 

—  -  :  X  c  —  -    "-  SP  « 
r  <J  -  ~  —  —  ---  »aj 

—  -  -  pq  _  - 

C3SS3 — Bond    Gall  stones — opr 6  6  0  0  0  + 

C4057 — Atol    Hypochlorhydia    S  0  +  +  +  0  + 

64039— Olson    Achlorhydria     0  0  0  0  0  + 

61915 — Even    Hypochlorhydria     4  4  0  0  0  + 

64270 — Gregg    Ulcer  stom.  opr 50  46  +  0  0  + 

64330 — Schuler    Care,    stomach    14  0  +  0  +  + 

64360 — Berg   Xeurosis     54  50  0  +  0  + 

64482 — Smeath    Care.  stom.  resect    8  0  +  0  0  + 

64455— Xorres    Hypochlorhydria     4  0  -f  0  0  + 

64281 — Seedhug Achylia    gastr 0  0+  0  0  + 

34078 — Johnston    Neuroses     42  40  0  0  0  + 

64877— Hutchinson   ...      Cholecystitis    4  0  0  0  0  + 

—Otter    Appendicitis     36  26  0  Tr.  0  + 

• — Arnold Ca.  stom.  and  liver   0  0  +  0  0  + 

65293— Aklund Achlorhydria     8  0  0  +  0  4- 

65337— Verner    Cholecystitis,    appendix     ....  16  0        0  Tr.  0  + 

37889 — Gehrke Appendicitis  opr 12  12  Tr.  0  0  + 

— Rule     Gall  stones  and  appendix  opr.  38  14  24  +  0  + 

— Shaffer    Duod.  ulc.  opr 8  0  0  '  0  0  + 

65703— Gaskill     Degen.  gast.   ulc 8  0  0  0  0  + 

658.35 — Ellwell     Gen.  earc.  prim,   stom 0  0  0  0  0  + 

65901— Hovelarud   ....     Care,   atom 6  0  +  0  0  + 

5231— Graff    Achlorhydria    8  0  0  +  0  + 

65953— Eaton     Achlorhydria     12  0  0  +  0  4. 

1  -Richie    Care,   stom 30  0  +  0  0  + 

-Graham    ..     Gall  stones  opr 8  0  0  4-  0  4- 

-Bryant     Pernicious  anemia    40  0  4-  0  0  4- 

64942— Hester    Second,    anemia    10  0  0  0  0  4- 

66314— Spellman    Cholecystitis 30  30  0  4-  0  4- 

66333 — Wickman  Gall  stones  opr 10  0  4-  0  .0  4- 

66409— Bronson Achlorhydria     20  0  4-  0  0  4- 

66462 — Bram   Gastric   ulcer    26  26  +  0  0  4- 

'  r   Cancer  stom.  recur 48  48  0  0  0  4- 

66466                   Achlorhydria     4S  0  0  0  0  + 

63547— Harrison   .....     Cancer  stom.  reseel 12  0  Tr.  0  0  4- 

66511 — Lane > ichlorhydria   4  0  0  0  0  4- 

66583-7Miller    Cholecystitis    50  50  0  0  0  4- 

66644 — Andrew   Care,  stom 12  0  0  0  0  4- 

Leutke Achlorhydria    20  0  Tr.  0  0  4-' 

Sichlorhydria    34  0  Tr.  0  0  4- 

senden     ....     Care.  stom.  opr 26  26+0  &'  •+• 

onessy    Hypochlorhydria  12  12  +  0  0  + 

-Stanley    :                  ulc 26  26  +  0  0  + 

on     ...     Hypochlorhydria    B  B  +  0  0  + 

67110— McKay Cance               h    20  <>  +  0  +  + 

67112— Rasmussen    ...     Gastric  neurosis   0  0  0  + 

,;~"~"     Bnyder  Care,  liver  and  spleen B0  BO       0  0  0  + 

len   Care,  Btom l  i  0  0  +  0  + 

iHook    ....     Hypochlorhydria   18  B  Tr.  +  n  + 

-Tucker  Care,  stom 60  50  +  0  0  + 

67690                            ..  Pernicious  anemia   4  o  0  +  0  + 

Ca.    torn.  i\  \.     •  >    li  0  +  (i  0  + 

Bling  I                                12  0  0  0  0  + 

Exp]                  torn 20  0  0  0  0  + 

67644— Haggen    Achlorhydria     ion  o  0  + 

Dej  :    r.il;ic=+:    Rose-pink=++j    Rose-purple=+++. 
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Cancer:  The  total  number  of  proven  cases  of  cancer  of  the  stomach, 
primary  or  secondary,  in  this  series  is  eighty-seven.  Of  this  number, 
thirty-one,  or  35.6  per  cent.,  gave  positive  glycyltryptophan  tests,  while 
seven,  or  8.04  per  cent.,  were  tryptophan  positive.  Of  the  thirty-one 
cases  of  cancer  in  which  the  glycyltryptophan  test  was  positive,  the  tryp- 
tophan test  was  positive  but  four  times.  In  three  cases  in  which  the 
tryptophan  test  was  positive,  the  glycyltryptophan  test  was  negative. 

Table  4. — Clinical  and  Laboratoby  Data  of  the  Cases  Returning 
Positive  Tryptophan  Test 

3  * 

>>  9  <  °.2 

Number  and  Name  Diagnosis  _  £   ^  ,-.  .«  §  "o 

5 'J  S        8        5        1         §?! 

o  <J     «  —  •—  oi  &Ph 

H         PR  PS  PS  t-S  Q 

61508— Theen   Stom.   neg    36  36  0  +  0            + 

61496 — Fitzsimmons   ..     Duod.  ulcer  opr 56  38  0  0  0            + 

61567— Crane  Gastric   ulcer    42  20  0  +  0            + 

61552 — Eldred Carcinoma  stom.  inop 38  18  -f-  0  +  +  + 

62233— Flick    Carcinoma  liver  and  G.  B. .  .  24  24  +  +  0  +  + 

62784— Drechsler    Gastric  ulcer  clin 12  12  +  0  0            + 

62876— Johnson    Achlorhydria  and  G.  B 10  0  +  ++  0            -f 

62865— Zenk    Appendix    chronic    24  18  Tr.  +  0            + 

63051— Marion Gastric  neurosis   36  32        0  +  0            + 

63230 — Gladens Carcinoma  stom.    (mass)    ...  8  0  0  0  0            + 

63241 — Burend    Gastric  carcinoma,  resect.  58  18  -f-  0  0            + 

63221— Quinn Gall-stone  empyema  G.  B.   . .  20  20        0  Tr.  0            + 

63414— Hanson    Duodenal  ulcer  opr 80  80        0  +  0            + 

63408— Lynch    Carcinoma  stom.  opr 66  60        0  0  0            + 

63653— Allen    Gastric  ulcer  clin 32  28  Tr.  0  0            + 

63354 — Kissman    Tabes — crises     4  0  +  0  0            + 

63563— Arms    Arteriosclerosis  Gen 0  0        0  0  0            + 

63536— Carlson    Gall  stone  opr 22  0        0  0  0            + 

64394 — Davis     Duodenal  ulcer  opr 66  60        0  0  0            + 

64294 — Thoet   Carcinoma  stom.  opr 14  4  -f-  0  +           + 

65693— Rule     Gall  stones  and  append,  opr.  3S  14  +  0  0  +-f- 

5231 — Graf  Gastric  ulcer  degen.  post  opr.  8  0        0  +  0  +  + 

56586 — Carr   Carcinoma  stom.  recur 48  0        0  0  0            + 

67112 — Rasmussen    .  .  .     Gastric  neurosis   3S  24        0  +  0  -\ — \- 

*Degree  of  Reaction:  Lilac=+;   Rose-pink=-(--r- ;  Rose-purple=-f-  +  -f-. 

Of  nine  gastric  ulcers  with  fair  evidence  of  carcinomatous  degenera- 
tion (of  the  type  described  by  MacCarty14),  two,  or  22.2  per  cent., 
gave  the  glycyltryptophan  reaction.  In  these  same  cases  there  was  no 
positive  tryptophan  test.  If  we  combine  the  returns  from  these  cases 
with  those  from  the  specimens  of  advanced  carcinoma,  we  note  that 
the  glycyltryptophan  test  is  positive  in  35.4  per  cent,  and  the  tryptophan 
in  7.28  per  cent.,  or  the  glycyltryptophan  test  is  positive  approximately 
five  times  as  frequently  as  is  the  tryptophan  test. 


14.  MacCarty:    Surg.,  Gyn.  and  Obst.,  1910,  x,  449. 
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Gastric  Ulcer:  In  none  of  thirty-five  operated  gastric  ulcers  (micro- 
scopically carcinoma-free)  was  the  glycyltryptophan  test  positive.  The 
tryptophan  reaction  was  obtained  once. 

Thirty-nine  cases  were  clinically  diagnosed  as  gastric  ulcer.  Three 
of  these  (7.4  per  cent.)  were  glycyltryptophan-positive,  and  two  (5.2 
per  cent.)   were  tryptophan-positive. 

Duodenal  Ulcer:  Operations  were  performed  on  seventy-eight 
patients  with  duodenal  ulcers.  Of  this  number,  three  (2.6  per  cent.) 
gave  glycyltryptophan  and  tryptophan  tests.  They  were  not  identical 
cases  and  the  reactions  were  not  always  associated  with  low  acidity. 

Fifty-seven  individuals  had  duodenal  ulcer,  clinically.  One  (1.7 
per  cent.)  was  glycyltryptophan-positive.  X/one  gave  the  tryptophan 
test. 


TABLE  5. — The  Relation  of  Glycyltryptophan  Test  to  Acidity 


Group  Posi 

tives 

Extracts  having  no  acid- 
ity     14 

Extracts  having  no  free 

HC1    52 

Extract-   having  dimin- 
ished HC1 15 

Extracts  having  normal 

EC! 22 

Extracts  having  increas- 
ed HC1    7 

Totals    110 


Xo.  of 

Xo.  of 

Xo.  of 

Nega- 

Group 

Posi- 

Nega- 

tives 

Extracts       having 

de- 

tives 

tives 

20 

creased  T.  A.    , 
Extracts     having 

nor- 

88 

515 

31 

mal  T.  A 

Extracts      having 

in- 

17 

213 

214 

creased  T.  A. .  .  . 

Totals    

Extracts    having 

lactic 

5 
110 

337 

360 

1 ,065 

431 

11 

33 

1,065 


Other   G  Conditions:     It   I  advanced   by   Weinstein, 

Warfield,  and  Sanford  and  Rosenbloom  that  positive  glycyltryptophan 
reactions  are  usually  obtained  in  gastric  extracts  exhibiting  achylia  or 
low  hydrochloric  arid.  These  reactions  arc  claimed  to  resnlt  from  the 
presence  of  a  peptid-splitting  enzyme  (Warfield)  existing  in  saliva. 
Gies15  think?  that  month-bacteria  may  be  capable  of  splitting  simple 
peptids  under  tl  litions.     In  order  I   rmine  the   results  in 

our  cases  from  the  view  point  of  acidity,  we  have  compiled  TabL 
and  C).    It  will  be  Been  that  about  60  per  cent,  of  the  positive  glycyl- 
tryptophan tests  w«tc  obtained   from  wing  no  free  hydro- 
chloric acid,  while  in  an  add!'                                 nt..  the  free  hvdrochl 
acid    was    low.       !                   words,    I 

irred  in  gastric  i  bowing  diminished  acidity.     Table  5 

-  ■  per  cent,  of  the 


I  liv  W<  in -l i  in.  .1  mil .    '  1911,  lvii.  1420. 
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glycyltryptopban  reactions  were  returned  by  contents  in  which  the  total 
acidity  was  low. 

The  support  which  these  figures  apparently  give  to  Warfield's  saliva 
ferment-action  on  peptids  is  qualified  when  one  considers  the  negative 
glvcyltn-ptophan  tests  in  Table  5.  Fifty-one  of  these  extracts  showed 
no  free  hydrochloric  acid.  In  214  extracts  the  free  hydrochloric  content 
was  diminished.  The  combination  of  these  results  demonstrates  that 
about  one-fourth  (24.8  per  cent.)  of  the  negatives  was  associated  with 
low  free  hydrochloric  acid.  It  could  scarcely  be  maintained  that  all 
these  extracts  were  saliva-free.  Table  3  shows  that  some  of  the  extracts 
were  from  cancerous  patients.  Approximately  one-half  (48.3  per  cent.) 
of  the  negative  glycyltryptopban  tests  were  on  extracts  with  diminished 
total  acidity. 

TABLE   6. — The  Relation  of  Tryptophan  Test  to  Acidity 

No.  of  No.  of  No.  of  No.  of 
Group                         Posi-  Nega-  Group  Posi-  Nega- 
tives fives  fives  fives 
Extracts  having  no  acid-  Extracts      having      de- 
ity             1  33           creased  T.  A 17  586 

Extracts  having  no  free  Extracts     having     nor- 

HC1     6  77           mal  T.  A 2  228 

Extracts   having  dimin-  Extracts       having      in- 

ished  HC1 10  219          creased  T.  A 5  337 

Extracts  having  normal  

HC1   4  387          Totals    24  1,151 

Extracts  having  increas-  

ed  HC1   3  435  Extracts    having    lactic 

acid   2  42 


Totals   24        1,151 


A  consideration  of  the  relation  of  the  tryptophan  test  to  acidity  is 
of  interest.  Of  the  positives  seven,  or  28.9  per  cent.,  of  the  contents 
contained  no  free  hydrochloric  acid.  In  seventeen  (75  per  cent.)  of 
the  positives  the  free  hydrochloric  acid  was  diminished  or  absent.  This 
combined  figure  is  practically  identical  with  that  returned  by  the  glycyl- 
tryptopban positives,  although  the  percentage  of  extracts  containing  no 
free  acid  is  much  lower.  In  the  tryptophan  positives  it  will  be  seen 
that  75  per  cent,  showed  diminished  total  acidity  as  against  80  per  cent, 
in  the  case  of  glycyltryptophan  positives. 

Studying  the  negative  tryptophan  reactions,  we  note  that  in  329 
instances  (28.6  per  cent.)  there  was  absent  or  diminished  free  acid, 
while  in  586  cases  (50.8  per  cent.)  the  total  acidity  was  low.  These 
figures  closely  approximate  those  shown  by  the  tabulations  from  the 
negative  glycyltryptophan  reactions. 

It  would  appear  that  Weinstein's  contention  that  his  tryptophan 
test  removes  the  consideration  of  contaminating  saliva  as  a  source  of 
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error  is  not  borne  out  by  our  study.  Further,  the  presence  of  negative 
glycyltryptophan  reaction,  in  so  large  a  percentage  of  extracts  with  low 
acidity,  leads  one  to  the  opinion  that  the  significance  of  the  peptidase, 
said  to  exist  in  saliva,  as  a  factor  in  hydrolyzing  glycyltryptophan  added 
to  gastric  extracts,  is  quite  questionable.  This  opinion  is  substantiated 
by  work  we  have  done  on  saliva,  soon  to  be  reported. 

Organic  Acid:  Ten  per  cent,  of  the  positive  glycyltryptophan  tests 
were  associated  with  the  presence  of  lactic  acid.  With  the  exception 
of  one,  the  cases  were  carcinoma.  Thirty-three  negative  reactions  (3.9 
per  cent.)  were  in  contents  containing  lactic  acid.  Eight  and  one-third 
per  cent,  of  the  positive  tryptophan  tests  were  present  in  lactic-acid- 
containing  extracts,  while  forty-two  (3.6  per  cent.)  negative  tryptophan 
contents  contained  lactic  acid.  It  would  seem  that  organic  acids  have 
little  bearing  on  the  relative  variation  of  the  two  tests. 

TABLE  7 

(A)  The  Relation  of  Bile  to  Gltctl-  (B)  The  Relation  of  Bile  to  Tbtpto- 
tryptophan  Test  phax  "Test 

Bile      Bile  Bile      Bile 

Groups  present  absent  Groups  present  absent 

Glycyltryptophan   positive,        39         71  Tryptophan    positive 10         14 

Glycyltryptophan    negative     320       945  Tryptophan    negative 349       802 

Total-    359       816  Totals    359       816 

Of  the  entire  number  of  gastric  extracts   (1,175)    analyzed  in  this 

orty-four,  or  3.7  per  cent.,  contained  lactic  acid  by  the  controlled 

T'tl'elmann  test.     Of  the  cases  proved  to  be  carcinoma  ventriculi,' lactic 

:  was  present  in  twenty-five  (28.7  per  cent.).  As  we  have  shown 
in  these  cases,  the  glycyltryptophan  reaction  was  positive  in  thirty-one 

.G  per  cent.)  and  the  tryptophan  test  in  seven  (8.04  per  cent.).  The 
relatirf.lv    low    percentage    of  i  >ntaining   lactic    acid    may   be 

explained  on  the  basis  of  early  <!  many  cases  being  operated  on 

before  marked  obstruction  and  retention  had  developed*.    Emerson16  si. 
that   in    his   series   of   cases   of   carcinoma    ventriculi,   lactic   acid    was 
preseni   in  approximately  90  per  cent.     Prom  our  experience,  it  tfnuld 
appear  that  the  Lrn;it  majority  of  hia  cases  were  far  advanced  and  exhib- 
ited  marked   retention.     High   mixed   organic  acidity   frequently  gi 
confusing  Uffelmann  reactions. 

Ft  has  been  held  thai  the  chyle  in  gastric  extracts  vitiates  the  gl; 
tryptophan  let,  but  need  ao\  be  considered  when  making  the  tryptophan 
nee  of  bile  or  evidencess  of  tryptic  digestion  has  been 
proof  thai  duodenal  contents  have  been  mixed  with  gastric  juice. 


■  :i :    "Clinical   D  "  1906. 
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The  significance  of  this  supposition  is  shown  by  analysis  of  Table  7. 
The  gastric  extracts  were  judged  macroscopically  as  to  the  presence  of 
bile  and  were  also  tested  bv  means  of  the  Pettinkofer  or  the  fumino- 
nitric  acid  reaction.  It  will  be  seen  (a)  that  of  110  positive  glvevl- 
tryptophan  reactions,  thirty-nine  (35.4  per  cent.)  contained  bile;  of 
1,065  negative  reactions,  320  (20.4  per  cent.)  showed  bile;  of  the  twentv- 
four  positive  tryptophan  tests  (b),  ten  (41.6  per  cent.)  were  in  bile- 
containing  extracts,  while  349  (30.4  per  cent.)  negative  tryptophan 
tests  were  bile-positive.  These  figures  do  not  demonstrate  that  the 
tryptophan  test  is  uninfluenced  by  bile  in  the  extracts.  It  is  worthy 
of  note  that  a  relatively  high  number  of  both  glycyltryptophan  and 
tryptophan  reactions  are  found  in  bile-containing  chyme. 

TABLE  8 
(A)  The  Relation  of  Blood  to  Glyc-       (B)  The  Relation  of  Blood  to  Trtp- 

YLTRYPTOPHAX    TEST  TOPHAN   TEST 

Bile     Bile  Bile     Bile 

Groups  present  absent  Groups  present  absent 

Glycyltryptophan   positive.        56         54  Tryptophan    positive 10         14 

Glycyltryptophan    negative     236       829  Tryptophan    negative 282       869 

Totals   292       883  Totals    292       883 

The  effect  of  Mood,  traumatic  or  "occult,"  in  gastric  extracts  has  at 
least  two  points  worthy  of  consideration  with  regard  to  the  glycyl- 
tryptophan and  tryptophan  tests.  Traumatic  blood  of  itself  gives  a 
tan  or  definitely  red  cast  to  filtrates.  A  color  reaction  such  as  we  are 
discussing  is  readily  effected  by  such  shades.  The  second  point  of  note 
is  the  possibility  of  tryptophan  resulting  from  split  digestion  products 
of  the  blood  itself,  particularly  in  those  cases  in  which  there  is  marked 
gastric  retention  with  much  flora.  Table  8  furnishes  interesting  data 
on  the  above  points.  In  fifty-six  (50.9  per  cent.)  of  the  glycyltryptophan 
positive  extracts,  blood,  traumatic  or  altered,  (benzidin  test)  was  present. 
Of  the  glycyltryptophan  negative  extracts,  in  236  (22  per  cent.)  blood 
was  demonstrated.  Of  the  tryptophan  positive  extracts,  ten  (41.6  per 
cent.)  contained  blood.  In  282  (24.6  per  cent.)  tryptophan  negatives, 
blood  was  proved.  These  figures  for  both  tests  so  closely  approximate 
that  it  does  not  seem  possible  to  state  that  advantage  lies  with  either. 
The  relatively  high  percentage  of  positives  in  extracts  containing  blood 
should,  however,  be  borne  in  mind. 

SUMMARY 

The  work  submitted  makes  apparent  the  following: 
1.  In  our  series,  more  than  one-third  of  the  proved  cases  of  cancer 
of  the  stomach  gave  positive  glycyltryptophan  reactions;  more  than  one- 
fourth  were  lactic-acid-positive  and  about  one-thirteenth  of  the  number 
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Lbited  the  tryptophan  test.  Diagnosis  of  malignant  disease  of  the 
stomach  was  in  each  case  quite  possible,  independent  of  the  above  chemical 
reactions.  As  a  test  associated  with  cancer  of  the  stomach,  it  will  be 
seen  that  in  our  series  the  glycyltryptophan  reaction  proved  more  con- 
nt  than  tests  for  common  organic  or  existing  free  amino-acid 
(tryptophan). 

2.  While  gastric  conditions  other  than  cancer  exhibit  positive  glycyl- 
tryphan  reactions,  in  no  single  class  of  disease  of  the  stomach  is  this 
test  obtained  so  frequently  as  in  cancer.  This  fact  is  of  considerable 
significance  chemically  and,  perhaps,  etiological!}-.  "While  cancer  of  the 
stomach  can  doubtless  be  diagnosticated  clinically  without  the  glycyl- 
tryptophan test,  one  cannot  state  that  the  study  of  this  and  allied 
reactions  will  prove  valueless. 

3.  Our  work  does  not  show  that  the  tryptophan  test  is,  as  has  been 
advanced,  pathognomonic  of  cancer. 

4.  Low  free  hydrochloric  or  total  acidity  is  frequently  determined 
in  gastric  contents  exhibiting  positive  glycyltrophan,  ractic  acid  and 
tryptophan  reactions.  One  cannot  state  positively  that  this  diminished 
acidity  is  causative.  Many  cases  of  low  acidity  were  negative  to  the 
above  tests. 

o.  Approximately  one-half  of  the  positive  glycyltryptophan  and  tryp- 
tophan reactions  were  in  gastric  extracts  containing  bile  and  blood 
elements.  Approximately  one-fourth  of  the  negative  extracts  contained 
blood  and  bile  elements. 


AN   EXPEEIMENTAL    STUDY    OF    KACTAL   DEGENERATION 
IN  MAMMALS  TEEATED  WITH   ALCOHOL* 

CHARLES  R.  STOCKARD,  Ph.D. 

NEW   YORK 

It  is  recognized,  by  most  observers  who  have  studied  the  subject,  that 
alcohol  may  play  an  important  role  in  the  causation  of  monstrosities  and 
of  structural  defects  predisposing  to  later  disease.  This  view  is  based 
largely  on  observations  on  defective  human  beings,  and  the  probability 
of  its  truth  is  sufficiently  established  to  warrant  further  careful  experi- 
mental analysis. 

The  quality  of  an  offspring  depends  on  two  factors,  the  perfection  of 
the  germ  cells  from  which  it  arises  and  the  nature  of  the  environment  in 
which  it  develops.  Diseased  and  weakened  germ-cells  give  rise  to  a 
defective  individual  under  all  circumstances,  while  perfect  germ-cells 
produce  a  perfect  offspring  only  when  the  embryo  develops  in  a  normal 
or  favorable  environment.  These  facts  may  be  readily  demonstrated  in 
lower  vertebrates  in  which  the  development  of  the  egg  is  outside  the 
mother's  body.  The  egg  or  spermatozoon  in  such  eases  may  easily  be 
chemically  modified  or  injured  before  fertilization,  and  the  embryo  itself 
may  be  affected  in  various  ways  during  its  development  by  subjecting  it  to 
unusual  surroundings,  either  physical  or  chemical.  In  other  animals, 
such  as  mammals,  in  which  the  embryo  develops  internally,  the  proposi- 
tion likewise  holds  true.  In  these  animals,  however,  the  problem  is  more 
difficult  to  completely  analyze.  The  reactions  of  the  parental  body,  the 
secondary  conditions  induced  by  the  experimental  treatment  and  other 
sources  of  error  should  be  fully  considered  in  determining  whether  an 
effect  shown  by  the  offspring  is  directly  due  to  the  applied  stimulus  or  to 
secondary  conditions.  In  the  lower  vertebrates  it  has  been  shown  that- 
given  doses  of  certain  substances  induce  definite  developmental  defects. 
The  defects  are  directly  due  to  the  treatment.  Is  it  possible  by  the 
addition  of  certain  chemicals  to  the  mammalian  body  to  obtain  similar 
definite  changes  in  either  the  germ-cells  or  the  developing  embryo? 

In  the  present  paper  I  shall  endeavor  to  show  that  alcohol  does  act 
directly  on  the  germ-cells  of  mammals  to  a  sufficient  degree  to  render 
them  incapable  of  producing  normal  offspring,  and  further,  that  similar 
treatment  administered  to  the  pregnant  female  may  likewise  act  directly 
on  the  developing  embryo  so  as  to  modify  its  resulting  structure. 


•From  the  Anatomical  Laboratory.  Cornell  University  Medical  College. 
*Manuscript  submitted  for  publication  May  19,  1912. 
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First  to  appreciate  fully  the  general  status  of  the  problem  it  is  well  to 
consider  in  a  somewhat  critical  manner  the  literature  pertaining  to  the 
actions  of  alcohol  and  other  substances  on  the  reproductive  glands  and 
developing  embryos  of  man  and  lower  animals. 

DISCUSSION    OF    LITERATURE 

There  is  an  abundant  literature  relating  to  the  effects  of  alcohol  on  the 
offspring,  though  little  of  it  is  scientifically  reliable.  I  have  attempted 
to  select  those  cases  which  seem  most  trustworthy.  Since  we  are  more 
interested  in  the  general  problem  of  the  effects  of  parental  poisoning  on 
the  germ-cells  and  the  embryo  in  mammals  I  have  also  collected  the  works 
relating  to  injurious  substances  other  than  alcohol.  The  observations  and 
statistics  on  human  beings  in  various  countries  are  reliable  only  in  so  far 
as  they  may  be  substantiated  and  borne  out  by  controlled  experiments  on 
lower  animals.  Yet  in  the  light  of  animal  experiments  many  of  these 
human  records  become  of  surprising  interest,  although  few  if  any  of  them 
may  be  accepted  entirely  as  they  stand.1  ' 

EFFECT  OX  THE  MALE  GERM-CELLS 

It  is  a  well  known  and  universally  accepted  fact  that  alcohol  does 
cause  changes  and  degeneration  in  many  of  the  body  tissues  of  man.  The 
question  naturally  presents  itself,  How,  then,  can  the  reproductive  tissues 
escape?  Xicloux  and  Eenault  have  shown  that  alcohol  has  a  decided 
affinity  for  the  reproductive  glands.  In  the  testicular  tissues  and  the 
seminal  fluid  an  amount  of  alcohol  is  soon  present  which  almost  equals 
that  in  the  blood  of  a  person  having  recently  taken  alcohol.  The  pro- 
portion of  alcohol  in  the  testis  as  compared  with  that  in  the  blood  was  as 
2  to.  3,  and  in  the  ovar.  of  female  mammals  as  3  to  5.  The  genital  glands 
show  as  great  an  affinity  for  this  substance  as  does  the  nervous  system. 
From  these  observations  it  must  necessarily  follow  that  alcohol  may  act 
on  the  ripe  spermato  ortly  before  the  time  when  it  fertilizes  the 

.  and  since  an  affected  spermatozoon  gives  rise  to  a  defective  individual 
we  have  a  probable  i  iplanatiou  for  many  of  the  recorded  defects  attrib- 
uted to  drunkenness  al  the  time  of  conception.  A  male,  even  for  the 
first  time,  in  a  state  of  acute  intoxication,  is  probably  more. apt  to  begei 
an  abnormal  offspring  by  fertilizing  an  egg  al  this  particular  period  than 
is  a  non-intoxicated  male  although  a  frequenl  user  of  alcohol.  The  experi- 
mental data  on  t!  e  sensitiveness  oJ  I  n  and  the  observations 
on  the  presence  of  alcohol  in  the  seminal  fluid  warrant  this  statement. 


1.  Most  of  the  literature  is  devoted  t<>  considerations  <>f  disease  and  insanity 
statistics  and  the  family  records  of  degenerates.    The  data  are  often  collected  in 
a   careless  fashion  so  that    the  actual  observations  are  nol  always  scientifically 
the  records  are  carefully  and  fully  computed. 
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Lippich  claims  to  have  observed  ninety-seven  children  resulting  from 
such  conceptions.  Only  fourteen  of  these  were  without  noticeable  defects. 
Eighty-three  of  them  showed  various  abnormal  conditions,  twenty-eight 
were  scrofulous,2  three  had  "weak  lungs,"  three  showed  different  atrophic 
conditions,  one  watery  brain,  four  were  feeble-minded,  etc.  Others  have 
made  similar  observations.  Sullivan  reported  seven  cases  of  drunkenness 
during  conception  which  are  fairly  authentic.  Six  of  the  offspring  died  in 
convulsions  after  a  few  months,  and  the  seventh  was  still-born. 

Thus  one  finds  proof  by  ISTicloux  and  Eenault  that  alcohol  does  reach 
the  reproductive  glands  and,  therefore,  may  affect  the  egg  or  sperm-cell, 
and  observations  seem  to  indicate  that  this  effect  expresses  itself  in  the 
condition  of  the  resulting  offspring.  Experiments  on  lower  animals 
support  the  probability.  When  the  perfectly  normal  spermatozoa  of  frogs 
are  treated  with  a>ray  or  radium,  Bardeen  and  0.  Hertwig  have  shown 
that  normal  eggs  fertilized  by  such  spermatozoa  all  develop  abnormally. 
Todde  found  that  the  offspring  from  alcoholized  roosters  were  not  quite 
normal  and  that  the  roosters  did  not  succeed  as  well  as  normally  in 
fertilizing  eggs. 

Combemale,  1888,  was  the  first  to  experiment  on  the  influence  of 
alcohol  on  the  mammalian  offspring.  He  treated  a  dog  for  eight  months 
with  absinthe  (11  gr.  per  day  per  kilo  of  animal  weight)  and  paired 
this  alcoholized  dog  with  a  normal  bitch.  Twelve  young  resulted;  two 
were  born  dead,  three  died  within  fourteen  days  and  the  others  died 
between  thirty-two  and  sixty-seven  days  of  intestinal  catarrh,  tubercu- 
losis, etc.  In  a  second  experiment  both  parents  were  mated  while  normal, 
then  the  female  was  made  drunk  for  twenty-three  days  (2.75  to  5  gr. 
absinthe  of  72  per  cent,  per  day  per  kilo).  Of  six  young  three  were 
still-born,  two  had  normal  bodies  though  of  weak  intelligence,  while  one 
moved  slowly  and  was  very  stupid.  The  last  individual,  a  female,  was 
later  paired  with  a  normal  intelligent  non-alcoholic  dog.  She  gave  only 
three  young;  one  was  deformed,  club-footed  with  abnormal**  teeth,  the 
second  had  a  patent  ductus  arteriosis  and  died  after  fourteen  days,  while 
the  third  was  poorly  muscled  in  the  hinder  parts  and  died  a  few  hours 
after  birth.  Thus  the  effects  in  the  second  generation  are  as  pronounced 
as  in  the  first  although  neither  parent  had  themselves  received  any 
alcohol.  The  only  criticism  against  Combemale's  experiments  is  that  an 
insufficient  number  of  animals  was  used.  Dogs  often  give  defective. pups 
and  these  may  have  been  from  poor  stock,  though  such  an  interpretation 
is  really  not  probable,  and  his  results  are  supported  by  subsequent  workers. 


2.  Irabault,  F. :  Contribution  a  1'etude  de  la  frequence  de  la  tuberculose  chez 
les  alcooliques.  These  de  Paris,  1901.  Imbault  found  that  tuberculosis  was  about 
as  common  among  the  children  of  alcoholic  parentage  as  among  those  of  tubercu- 
lous parents. 
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_  .  in  1897;  obtained  similar  r  -      -      From  one  pair  of  alcoholic 
dogs  he  obtained  twenty-three  pups,      _    I  were  deformed  and  nine  v. 
born  dead,  while  only  four  lived.     In  a  control  set  forty-one  individuals 
lived,  four  were  deformed  and  there  were  no  still-births. 
-    Laitinen  treated  rabbits  and  guinea-pigs  with  various  doses  of  alcohol 
and  studied  chiefly  the  changes  in  body  conditions  as  to  resistance  air. 
disease  toxins,  etc.     He  has  also  recorded  observations  on  the  offs 
produced  by  these  animals  during  speriment.     He  is  apparently 

more  int  in  the  problem  of  the  misuse  of  alcohol  than  in  the 

scientific  study  of  the  influence  of  injurious  substances  on  the  offspring 
and  in  his  enthusiasm  to  prove  the  point  with  extremely  small  • 
alcohol  he  fails  to  fully  consider  both  Bides  of  his  own  tal     3. 

Ee  used  daily  doses  of  alcohol  as  small  as  0.1  c.c.  per  kilo  of  animal 
weight.  This  would  amount  to  a  small  glass  (200  c.c.)  of  beer  per  day 
for  an  adult  man.  Hi-  tables  on  careful  study  fail  to  show  that  so  little 
alcohol  actually  does  injure  the  offs  the  treated  animal-. 

With  alcoholized  Laitinen  finds  that  only  3$.7]  at.  of 

the  young  live,  while  61.29  per  cent,  are  still-born  or  die  shortly  a 
birth.    In  the  control,  however,  :ent.  lived,  while  54.17  per 

L.  more  than  half,  were  still-born  or  died  shortly  after  birth.  The 
animals  were  kept  all  together  in  a  general  cage  and  the  pregnant  fen 

ached  term.     This 
scarcely  an  approved  method  in  breeding  experiments,  and  I  that 

young  rabbits  delicate  and  are  born  in  a  rather  poorly  di 

state  makes  their  careful  handling  1  t  that  more  than 

ha!:  ontrol  ;.  at.,  would  indicate  the 

of  drawing  conclusions  from  a  ate  only  1  per  cent,  higher  among 

pring  of  I  ils. 

Th'  Een  at,  1 8  26  pi  r  cent,  of  the 

control  young  lived,  while  21.1  .  or  a  little  more  than  one-fifth, 

majority  of  the  young  of  treated  parents 
lived,  6$. 2  cent.,  while  37.76  per  cent.  died,   [n-botl  the 

]fj  lived  than  died.    Guin<  ire  born  in  a 

well-de)  edition.  and,  in  both  i 

mon  an  lived. 

I 
i 

(1  in  a  differenl  other  poij 

primary  obji  i  •  i  in 

I  :  with  lo 

thai    an 
alcoholi  iim-t  invariable  :  I  ive  offspring 

ired  to  a 
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Koscb  was  the  first  to  study  the  reproductive  glands  of  alcoholics,  in 
1837,  and  found  degeneration  of  the  testicle.-.  Lancereaux  described  a 
parenchymatous  degeneration  of  the  seminal  canals.  Simmonds  (1898) 
found  azoospermia  in  60  per  cent,  of  cases  of  chronic  alcoholism;  5  per 
cent,  of  these  men  were  sterile.  Kyrle  reported  three  cases  of  total 
atrophy  of  the  testicular  parenchyma  in  which  death  had  resulted  from 
cirrhosis  of  the  liver  due  to  alcohol.  Kyrle  attributed  the  atrophy  of  the 
testicle  to  the  cirrhosis  of  the  liver  and  not  to  chronic  alcoholism. 

Bertholet  (1909)  made  an  extensive  examination  of  the  influence  of 
alcohol  on  the  histological  structure  of  the  germ  glands,  more  particularly 
on  the  testicles  of  chronic  alcoholics.  He  found  testicular  atrophy  in 
alcoholics  with  no  cirrhosis  of  the  liver.  Bertholet  observed  partial 
atrophy  of  the  testicles  in  the  majority  of  seventy-five  chronic  alcoholics. 
These  men  died  between  the  ages  of  21  and  57  years,  the- greatest  mor- 
tality being  between  30  and  50  years.  In  thirty-seven  cases,  excluding 
syphilitics,  a  microscopical  examination  showed  a  more  or  less  diffuse 
atrophy  of  the  testicular  parenchyma  and  a  sclerosis  of  the  interstitial 
connective  tissue.  The  testicles  were  small  and  hard.  The  canals  were 
greatly  reduced  in  size  and  their  lumina  obliterated.  Spermatogonia 
were  atrophic.  It  was  generally  impossible  to  differentiate  spermatocytes 
or  spermatids.  There  were  no  dividing  cells  and  no  spermatozoa.  The 
thick  basal  membrane  of  the  canals  was  formed  of  connective  tissue 
lamellae  with  concentrated  spindle  cells.  These  conditions  with  slight 
variations  were  found  in  twenty-four  cases.  Such  atrophic  structures 
were  already  present  in  a  drinker  only  29  years  old.  In  four  cases  of 
cirrhosis  of  the  liver  the  testicular  atrophy  had  not  progressed  very  far 
and  spermatozoa  were  still  present.  In  five  cases  the  microscopical  con- 
ditions were  less  marked. 

While  these  appearances  of  the  basal  membrane  may  also  be  observed 
in  non-alcoholics,  the  extreme  conditions  of  atrophy  of  the  testicles  were 
only  found  in  alcoholics.  Observing  the  testicles  of  non-alcoholics  that 
had  died  of  various  chronic  illnesses  such  as  tuberculosis,  no  atrophy  of 
the  testicles  or  thickening  of  the  membrana  propria  was  found.  Two 
such  old  men  of  70  and  91  years  still  possessed  spermatozoa  in  the  canals. 
Bertholet  concludes  that  the  atrophy  he  has  observed  cannot  be  due  to  old 
age,  but  is  due  to  the  hurtful  effects  of  chronic  alcoholism  on  the  repro- 
ductive glands. 

Bertholet  has  also  reported  an  atrophy  of  the  ovary  and  ova  in  female 
alcoholics.  Weichselbaum  has  confirmed  the  observations  of  Bertholet  at 
his  institute  in  Vienna. 

Bertholet's  observations  are  most  important  and  his  drawings  bear 
out  his  statements.  On  the  other  hand,  it  is  certain  that  the  chronic 
alcoholic  is  not  so  often  rendered  sterile  as  his  studv  might  lead  one  to 
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believe.  Judging  from  the  statistics  it  is  not  rare  to  find  alcoholics  with 
large  families.  My  experiments  on  animals  may  not  be  of  sufficient 
duration  at  the  present  time,  yet  I  have  male  guinea-pigs  that  have  been 
almost  intoxicated  on  alcohol  once  per  day  for  six  days  a  week  extern 
over  a  period  of  nineteen  months.  These  animals  are  still  splendid 
breeders.  Nineteen  months  of  a  guinea-pig's  existence  is  proportionally 
equal  to  a  good  fraction  of  a  human  life.  Many  of  these  animal-  have 
been  killed  and  their  testicles  examined  microscopically  and  found  to  be 
normal.  In  some  cases  where  a  male  had  failed  to  succeed  in  imt 
nating  the  female  for  several  times,  he  was  partially  castrated,  one  testicle 
being  taken  out.  In  this  case  the  testicle  was  found  to  be  normal  and  the 
same  male  has  since  given  offspring  by  other  females.  Ovaries  have  been 
examined  in  a  similar  way,  and  in  no  individual  has  the  alcohol  treatment 
caused  a  visible  structural  change  in  the  reproductive  glands.  The  actual 
physiological  proof  of  the  efficiency  of  the  organs  is  shown  by  the  ability 
of  all  animals  to  reproduce.  The  important  point  which  I  shall  show  in 
the  following  pages  is  that  although  there  is  no  visible  structural  change 
in  the  germ-cells,  nevertheless,  they  have  been  modified  chemically  to  an 
extent  sufficient  to  cause  them  to  give  rise  to  defective  embryos  or 
weakened  individuals  which  die  shortly  after  birth. 

Schweighofer  has  recorded  an  interesting  individual  case.  A  normal 
woman  married  a  normal  man  and  had  three  sound  children.  The 
husband  died  and  she  married  a  drunkard  and  gave  birth  to  three  other 
children;  one  of  these  became  a  drunkard,  one  had  infantilism,  while  the 
third  was  a  social  degenerate  and  drunkard.  The  first  two  of  tJ 
children  contracted  tuberculosis,  which  had  never  before  been* in  the 
family.    The  woman  married  a  third  time  and  by  this  sober  husband 

in  produced  sound  children.  This  is  an  important  human  experiment. 
The  female  was  first  tested  with  a  normal  male  and  gave  normal  off- 
spring; when  mated  with  an  alcoholic  male  the  progeny  were  defects 
a  result  of  hi-  poisoned  condition.  She  was  again  tested  with  a  normal 
male  and  found  t<>  be  -til!  capable  of  giving  Bound  offspring.  A  number 
of  such  cases  are  on  record. 

Schweighofer  statee  from  a  mass  of  observations  thai  the  offspring  of 
drunkards,  themselves  of  good  sound  families,  -how  much  degeneracy  and 
defective  conditions. 

Other  Substances  than  alcohol  .-cein  to  acf  directly  on  the  germ-cells  of 

mammal-.     Constantine  Paul  Ion-  ago  pointed  nut  that  the  children  «.f 
people  working  in  Lead  were  often  defective.     He  made  the  interesting 

rvation    that    when   the   father  alone   «;i-   employed    in   such   work   his 
children  were  affected  by  it. 

All  of  the  above  experiments  and  observations  refer  more  particularly 
to  the  action  of  injurious  substances  on  the  germ-cells  of  the  male  parent. 
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This  is  the  crucial  proof  of  an  effect  on  the  germ  cells.  The  case  of  the 
female  is  complex,  since  the  substance  may  produce  a  germinal  defect  by 
acting  on  the  egg.  or  it  may  also  directly  affect  the  developing  embryo 
and  thus  act  as  an  environmental  influence  on  development. 


THE  FEMALE  GERM-CELLS  A1STD  THE  DEVELOPING  EMBRYO 

Herbst's  classical  lithium  experiments  show  the  influence  of  salt 
solutions  on  developing  eggs.  The  experiments  of  J.  Loeb  on  fish 
embryos,  those  of  Morgan  on  the  frog  and  my  experiments  on  fish  all 
show  the  marked  influence  of  inorganic  salts  and  organic  compounds  on 
the  development  of  the  embryo.    I  showed  that  alcohol  caused  all  known 

Table  1. — Effects  of  Working  in  Lead 
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ond year,  5  third  year 
22  died  under  three  years 


gross  abnormalities  of  the  brain  in  fish  embryos  and  also  gave  all  possible 
abnormal  conditions  of  the  eyes.  Other  substances  such  as  ether,  chloro- 
form, chlorbutanol  (chloretone),  etc.,  also  had  a  peculiar  affinity  for  the 
developing  central  nervous  system.  These  substances  also  act  physiolog- 
ically on  the  central  nervous  system  of  the  adult. 

Constantine  Paul  not  only  showed  the  injurious  effects  of  lead  on  the 
paternal  germ-cells,  but  also  recorded  instructive  data  regarding  the  off- 
spring of  women  working  in  lead.  More  recent  observers  have  pointed 
out  the  frequency  of  idiocy  and  other  defects  among  the  children  of  lead 
workers.  Adami  has  tabulated  the  findings  of  Constantine  Paul  as  shown 
in  Table  1. 


f 
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Fore!  Btates  that  acute  alcoholic  intoxication  affects  not  only  the  brain, 
but,  as  Niclonx  has  shown,  the  alcohol  passes  quickly  to  the  cells  of  the 

icle  or  ovary  and  Bertholet's  observations  confirm  this.  A  conception 
which  takes  place  while  the  cells  arc  in  this  poisoned  state  often  results 
in  a  feeble-minded  or  degenerate  child.  The  facts  furnished  by  experi- 
ments on  tl  spermatozoa  of  lower  animals  lend  the  Btrong  si 
-  iport  to  this  idea  and  there  is  no  experimental  evidence  that  can 
interpreted  as  opposed  to  1 

Chronic  alcoholics  who  consume  daily  certain  amounts  of  alcohol 
slowly  injure  their  germ  cells.  By  intensive  use  of  alcohol  these 
cells  may  actually  be  killed  or  caused  to  atrophy.  This,  however,  is  the 
extreme  case  and  before  reaching  a  state  of  atrophy  the  cells  pass  through 
various  grades  of  defectiveness.     The  stages  may  show  no  anatomic 

ages,  but  their  physiologic  state  is  indicated  by  the  defective  individ- 
ual.- to  which  they  give  rise  in  development. 

Bezzola  found  that  in  Switzerland,  in  the  years  L880  to  1890,  tl 
were  8,190  idiots.    Mosl  of  the  idiots  were  born  in  wine  districts,  and  the 

-on  for  the  maximum  birth  of  such  children  was  nine  months  after 
the  great  national  feasts,  indicating,  possibly,  that  idiots  were  conceived 
during  the  period  of  heaviest  drinking.  Schweighofer  found  the  same 
relationship  between  the  Beason  for  the  greatest  number  of  still-births 
and  the  feae  in  Austria. 

Martin  studied  the  family  histories  of  eighty-three  epileptic  girls  in 
the  Salpetriere  I  P  Sixty  had  alcoholic  parents,  while  of  the  other 

twenty-three  alcoholism  was  doubtful  or  absent  in  their  parents.  The 
sixty  girls  from  alcoholic  parentage  had  24  1  sisters,  of  them  L32,  or,  54.1 
per  cent.,  were  dead;  forty-eight,  or  19.1  per  cent.,  had  had  spasms 
during  childhood. 

Studying  the  dirc-i  ancestry  of  370  insane  people,  Jenny  Holler  (in 
L895)^found  that  there  were  twice  as  many  drinkers  as  were  found  in 
the  direel  ancestry  of  370  sound  people  selected  at  random.  Others 
have  recorded  similar  ohserval  l< 

Karl   Pearson  and  Miss  Elderson  studied  statistically  3, >  school 

children  in   England.     They  concluded  thai   the  children  of  alcoholics 

e  often   heavier  than   those  of  Sober   parent.-,   they   were  also  Less  di.-- 

d,  had  little  epilepsy  and  tuberculosis  and  arc  actually  cleverer  in 
ool.    They  found,  however,  a  greater  mortality  among  the  children  of 
alcoholics,  especially  of  female  drinkers,  and  concluded  thai  only  the 
stronger  children  lived,  and  therefore,  their  quality  was  good. 

These  Btudies  have  been  widely  criticised,  and  are  probably  nol  based 
on  very  thorough  biological  obsei  They  consider,  in  the  first 

place,  only  school  children.     It  is  ool  known  whether  the  parents  wi 
drunkards  al  the  time  of,  or  previous  to  thi  on.    The  degenerate 
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offspring  of  alcoholics  could  not  enter  school.  The  results  would  doubt- 
less have  been  quite  different  if  the  inmates  of  an  institution  for  defective 
children  had  been  studied.  The  great  body  of  evidence  from  anatomic 
studies  of  the  reproductive  glands  of  alcoholics,  the  animal  experiments 
and  disease  records  are  all  opposed  to  Pearson's  conclusions. 

The  most  valuable  study  that  I  have  been  able  to  find  on  the  influence 
of  alcohol  on  the  human  offspring  is  that  of  Sullivan  in  1899. 

Sullivan  emphasizes  the  point  that  while  much  effort  has  been  made 
to  record  alcoholism  in  the  ancestry  of  degenerates,  the  important  study 
must  be  made  on  degeneracy  in  the  descendants  of  well-observed  alco- 
holics. He  studied  the  alcoholics  among  the  female  population  of  the 
Liverpool  prison  and  as  far  as  possible  chose  cases  of  alcoholism  that  were 
unaccompanied  by  disease  or  other  degenerate  factors. 

Localization  of  alcoholic  lesions  in  the  body  are  not  well  worked  out, 
yet  it  is  unquestionable  that  in  the  criminal,  as  in  insane  alcoholics,  the 
nervous  manifestations  of  the  intoxication  occur  with  notable  frequency, 
while  non-nervous  disorders  are  rare  or  secondary.  Of  these  alcoholic 
females,  thirty-one  had  had  one  or  more  attacks  of  alcoholic  delirium, 
twenty-four  had  occasional  hallucinations,  suicidal  impulses;  disorders 
of  cutaneous  sensibility,  and  cramp  in  the  extremities  was  noted  in  a 
considerable  number  of  cases.  In  these  patients  tissues  other  than  the 
nervous,  so  far  as  examination  of  the  patients  themselves  could  show, 
were  comparatively  immune  to  the  poison  of  alcohol,  and  this  was  also 
true  of  their  alcoholic  relatives. 

There  were  100  women  in  the  series  Sullivan  observed,  and  twenty 
of  these  gave  details  of  female  relatives  of  drunken  habits  who  had  chil- 
dren. To  these  120  females  were  born  600  children,  of  whom  265,  or 
44.2  per  cent.,  lived  over  two  years;  335,  or  55.8  per  cent.,  died  under 
2  years  or  were  still-born.  Twenty-one  of  the  women  observed  gave 
records  of  sober  relatives,  sisters  or  daughters  married  to  sober  men. 
The  twenty-one  drunken  females  had  125  children,  sixty-nine,  or  55.2  per 
cent.,  died  under  2  years;  the  twenty-eight  sober  females  had  138  chil- 
dren, and  thirty-three,  or  23.9  per  cent.,  of  them  died  under  2  years. 
The  death-rate  of  children  from  the  drunken  mothers  was  nearly  two 
and  one-half  times  greater  than  that  of  the  children  of  their  near-blood 
relatives  who  were  non-alcoholic.  The  alcoholics,  however,  are  poor 
mothers  and  take  little  care  of  their  children;  this  fact  might  possibly 
account  for  the  entire  difference,  though  such  a  deduction  is  extremely 
improbable. 

The  progressive  births  in  the  alcoholic  family  show  interesting  rec- 
ords.   In  eighty  cases  the  number  of  children  reached  or  exceeded  three. 

The  tabulation  shows  an  increasingly  poor  condition.  The  records  of 
two  individual  cases  may  be  mentioned  by  way  of  illustration: 
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■  5:  Three  first  children  healthy,  fourth  of  weak  intelligence,  fifth  epileptic 
idiot,  sixth  still-born,  and  finally  an  abortion. 

Case  10:  First  child  survived  to  adult  life,  second  died  of  infection  as  child, 
two  infants  then  died  in  convulsions  in  first  few  n-onths,  then  a  still-birth. 

These  records  stand  in  interesting  contrast  with  those  known  for 
syphilitic  mothers  in  which  each  conception  seems  to  be  more  and  more 
nearly  successful  until  a  weak  offspring  is  born,  and  finally  such  a  mother 
may  give  birth  to  an  apparently  normal  child.  The  syphilitic  is  grad- 
ually becoming  less  diseased  and  is  overcoming  the  toxic  condition  as 
time  goes  on,  while  these  alcoholic  women  are  on  the  contrary  becoming 
more  and  more  saturated  with  the  poison,  and  for  this  reason  each  suc- 
ceeding birth  is  more  decidedly  defective. 

Table  2. — Showing  Percentage  of  Still-Born  and   Children  Who  Died  in 

an  Alcoholic   Family 


Cases 


Died  or 
Still-Born, 

Per  cent. 


Still-Born, 
-  Per  cent. 


First  born  

Second  born   

Third  born 

Fourth  and  fifth  born 
Sixth  to  tenth  born.  . 


80 
80 
80 
111 
93 


33.7 
50.0 
52.6 
65.7 
72.0 


6.2 
11.2 

7.6 
10.8 
17.2 


The  records  were  worse  for  women  who  had  begun  drinking  some 
time  previous  to  the  first  conception.  In  thirty-one  cases  they  had  been 
<lr inking  for  at  least  two  years  before  the  first  pregnancy.  Of  118  chil- 
dren born  to  these,  seventy- four  were  still-born  or  died  in  infancy,  giving 
62.7  per  cent,  as  compared  with  a  death-rate  of  54.1  per  cent,  for  the 
others  of  the  series. 

In  only  thirty-nine  of  the  cases  were  the  women's  parents  sober  p 
pie,  yei  the  records  of  the  offspring  from  these  women  were  equally  as 

bad  as  those  from  the  Bixty- mothers  who  had  alcoholic  parents.    This 

oificanl  fact,  since  it  indicates  mosl  Btrongly  thai  the  defective 
children  are  due  to  the  direcl  effect  of  alcoholism  and  nol  to  other  degen- 
erate c-nditions.  Sullivan  recorded  seven  known  cases  of  conception  dur- 
ing a  state  of  drunkenness;  six  of  the  children  died  in  convulsions  in  a 

few  months,  while  the  seventh  was  still-horn. 

Another  observation  by  Sullivan   which   indicates  that   the  alcohol 
as  such  i.~  the  cause  of  defectiveness  was  the  fad  that  mothers  impris- 
!  during  pregnancy  gave  birth  to  a  better  child  since  the  drinking 
stopped. 
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Sixty  per  cent,  of  the  children  of  all  these  mothers  died  in  convul- 
sions. This  is  a  common  manner  of  death  for  the  offspring  from  the 
alcoholic  mammals  I  have  studied. 

Kende  found  that  of  twenty-one  families  in  which  the  father  and 
mother  both  drank,  ten  were  childless,  while  of  the  twenty-four  children 
in  the  other  eleven  families,  sixteen  died  early  and  only  three  were 
entirely  normal.  In  eighteen  families  in  which  only  the  father  drank, 
but  three  children  in  twenty-one  were  entirely  sound,  while  there  were 
many  abortions  and  several  cases  of  sterility. 

There  are  .numerous  statistical  facts  showing  a  large  percentage  of 
alcoholics  in  the  ancestry  of  prostitutes,  degenerates  and  other  inferior 
classes.  All  of  the  studies  seem  to  show  that  alcoholism  and  the  degener- 
ate condition  tend  to  occur  in  the  same  family,  and  Sullivan  seems  to 
control  the  case  by  showing  that  in  some  instances,  at  least,  alcohol  is 
the  cause  of  degeneracy. 

The  real,  crucial  proof  of  the  direct  action  of  alcohol  must  come, 
however,  from  experiments  on  lower  animals,  where  the  sources  of  error 
may  be  entirely  controlled. 

Adami  states:  "The  general  belief  (and  we  regard  it  as  well  founded) 
is  that  the  children  of  the  sot  are  as  a  body  of  lowered  intelligence  and 
vitality  with  unstable  self-control."  He  recognizes  the  great  difficulty 
of  statistically  proving  this  in  man,  since  alcoholism  is  so  often  the 
accompaniment  of  weakness  and  hereditary  taint,  and  may  not  be  the 
primary  cause  of  the  condition  in  many  families.  With  animals,  how- 
ever, the  experimenter  is  enabled  to  prove  that  alcohol  does  induce  a  pri- 
marily degenerate  condition. 

One  could  continue  to  enumerate  records  showing  the  effect  of  alco- 
holism on  the  human  offspring,  yet  a  sufficient  number  of  studies  have 
been  considered  to  show  how  strongly  indicative  the  evidence  is  that 
alcohol  is  really  the  direct  cause  of  defects  in  many  cases.  There  is 
also  little  doubt  that  alcoholism  is  sometimes  acquired  by  perfectly  nor- 
mal human  beings,  and  when  the  tissues  of  such  people  become  affected 
by  alcohol  they  no  doubt  give  rise  to  defective  and  abnormal  offspring. 

It  is,  however,  an  undeniable  fact  that  alcoholism  in  man  is  very 
frequently  an  accompaniment  of  various  degenerate  conditions,  and 
these  conditions  are  oftentimes  within  themselves  sufficient  to  account 
for  further  degeneration  in  the  offspring.  We  shall,  therefore,  consider 
more  fully  at  this  point  the  evidence  furnished  by  animal  experi- 
mentation. 

ANIMAL   EXPEKIMENTS 

As  stated  above,  the  problem  is  broader  than  the  subject  of  alcohol- 
ism. If  it  is  shown  that  any  toxic  substance  can  act  on  the  germ  cells 
or  developing  embryo  in  such   a  manner  as  to  change  or  modify  its 
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development,  it  necessarily  follows  that  alcohol  may  induce  a  more  or 

-  equivalent  condition,  since  it  La  definitely  known  to  act  on  all  animal 
I  shall,  therefore,  mention  the  experiments  with  alcohol  in  par- 
ticular, and  at   the  same  time  consider  other  of  the  striking  examples 
of  environmental  effects  on  the  developing  eggs  of  lower  animals. 
II.  I-].  Ziegler  treated  sea-urchin's  eggs  with  ethyl-alcohol.     A  1 

t.  solution  in  sea-water  delayed  development,  a  2  per  cent,  solution 
:  development  and  caused  abnormal  embryos,  while  a  4  per 
cent,  solution  prevented  all  development.  The  peculiarly  typical  larvae 
of  the  sea-urchin  which  Eerbst  induced  by  the  addition  of  lithium  salts 
to  sea-water  have  been  mentioned  above.  Eerbstfs  experiments  furnish 
a  striking  example  of  a  characteristic  response  on  the  pari  of  the  devel- 
oping organism  to  a  definite  chemical  treatment.  Morgan  obtained 
similarly  definite  results  by  treating  frog's  eggs  with  lithium,  and  I 
have  shown  a  somewhat  comparable  response  for  the  fish's  egg.  Other 
salts  may  give  the  same  types  of  larva',  as  occurred  in  these  cases,  as 
McClendon  has  shown  for  the  fish,  and  a.-  I  previously  pointed  out  in 

eral  of  my  studies  on  the  Cyclopean  defect.     Vet  with  certain  d 
of  given  sui<  gets  greater  numbers  of  the  same  defect  than 

with  any  other  treatment.     It  is  not  surprising  that  a  few  individuals 
of  any  one  deformed  type  may  occur  in  a  number  of  different  soluti 
The  important  fact  is,  that  with  a  particular  treatment  one  is  able  to 
in  on  all  ore  large  number  of  embryos  exhibiting  a  perfectly 

clear-cut,  definite  defi    I 

Ridge  got  decided  results  by  treating  the  egLr<  of  the  blue  bottle-fly 
and    frogs   with   alcohol.      In   solution?   of   1/100   per   cent,   alcohol    in 
water  the  development  was  slow.     In    1   20  per  cent,  solutions  devel 
mem  proceeded  for  only  a  short  time  and  the  r^i:>  died.     In  one  per 
cent,  alcohol  only  one  Or  two  eggs  started. 

Ovize  made  an  interesting  observation  on  the  influence  of  alcoholic 
fumes %on  developing  hen'-  eggs.  An  incubator  containing  L60  eggs  wa- 
in a  cellar  in  which  wine  and  brandy  were  being  distilled.  Seventy- 
eight  chickens  hatched;  of  these  twenty-five  were  deformed  and  forty 
died  during  the  first  three  or  four  day-.  Of  the  number  unhatched, 
one-third  were  deformed,  and  3  to  I  per  cent,  had  only  developed  a 
short  w;-  . 

perimented  extensively  with  the  influence  of  alcohol  on 
the  developing  hen's  egg.     Alcohol  was  injected   into  the  albumen   in 
ments,  while  in  other-  the  eggs  were  placed  under  bell  jars 
and  i  Fumes  of  evaporating  alcohol.     Enough  of  the  fumi  - 

penetrated  the  Bhell  and  entered  the  egg  to  affect  the  subsequent  develop- 
ment of  the  embryos.    When  eggs  were  placed  in  the  incubator  after  Buch 


?,.  The-.-  results  by  Ovize  were  taken  from  Forel'a  review. 
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treatment  they  developed  more  slowly  than  the  control  and  a  large 
number  of  malformed  embryos  resulted.  The  abnormalities  were  vari- 
able, yet  many  had  defective  nervous  systems  and  a  number  of  the 
embryos  exhibited  eye  defects.  Fere  made  no  attempt  to  analyze  the 
cause  of  the  different  types  of  deformities,  and  in  fact  he  paid  little 
attention  to  the  structure  of  the  defects.  Yet  he  showed  most  decidedly 
that  alcohol  fumes  do  affect  the  developing  embryo,  as  one  might  have 
inferred  from  the  preceding  observations  made  by  Ovize. 

I  have  repeated  Fere's  experiments  at  some  length  during  the  past 
two  years  and  can  confirm  his  results.  My  object  has  been  to  regulate 
the  treatment  in  such  a  manner  as  to  get  definite  types  of  defects  with 
certain  intensities  of  treatment.  Up  to  the  present  time  I  have  only 
partially  succeeded  in  doing  this,  though  in  several  experiments  the 
delay  in  development  and  the  general  type  of  the  defects  has  been  rather 
constant.  This  treatment  of  hen's  eggs  with  alcoholic  fumes  is  one  of  the 
most  convincing  and  easily  performed  demonstrations  of  the  influence 
of  alcohol  on  development. 

Fere  also  experimented  with  hen's  eggs  to  show  the  influence  of  dif- 
ferences in  temperature  during  incubation  and  many  other  physical  and 
chemical  factors.  All  unusual  conditions  affected  the  development  of 
the  embryo.  Fere  also  developed  hen's  eggs  in  glass  dishes  after  remov- 
ing them  from  the  shell.  Preyer  and  Loisel  had  previously  done  similar 
experiments,  but  they  carried  the  embryo  for  only  a  day  or  so,  while 
Fere  succeeded  in  keeping  the  egg  developing  for  six  days.  Some  of 
these  embryos  develop  abnormally. 

I  have  recorded  a  number  of  experiments  on  fishes'  eggs  which  show 
the  decided  effects  of  alcohol  and  a  large  series  of  other  substances  on 
embryonic  development.  Alcohol  and  various  anesthetics  showed  a 
peculiar  affinity  for  the  developing  nervous  system  and  organs  of  special 
sense.  In  many  cases  other  organs  and  parts  of  the  embryos  were  appar- 
ently normal.  Many  of  the  deformed  individuals  hatched  and  lived  for 
some  time,  swimming  about  and  feeding  in  a  typical  fashion. 

With  alcohol  solutions  of  given  strength  definite  defects  were  induced. 
In  some  experiments  dozens  of  embryos  with  typical  brain  and  eye 
defects  occurred,  while  few  or  no  other  types  of  deformities  existed. 
The  experimenter  has  the  power  in  these  cases  to  predict  with  at  least 
a  limited  degree  of  certainty  the  type  of  deformity  which  will  result  front 
a  definite  intensity  of  a  particular  treatment.  Embryonic  development 
in  such  cases  may  really  be  regulated  or  controlled. 

We  have  already  considered  a  number  of  experiments  on  mammals ' 
which  show  that  alcohol  and  other  injurious  substances  affect  the  qual- 
ity of  the  offspring.     In  treating  mammals  the  case  is  not  so  simple  as 
in  treating  the  eggs  of  lower   vertebrates  which   develop   outside   the 
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parent's  body.  The  effects  in  mammal.?  may  not  be  due  directly  to  the 
substance  used,  but  rather  indirectly  to  the  changed  conditions  the  sub- 
stances have  induced  in  the  body  of  the  parent.  It  is  important  for  this 
reason  to  know  whether  certain  substances  come  in  direct  contact  with 
the  germ  cells  of  the  individual.  As  before  mentioned,  Xieloux  and 
Eenault  have  shown  that  alcohol  may  be  readily  found  in  the  seminal 
fluid  of  a  man  shortly  after  drinking  it.  Thus  the  spermatozoa  may 
come  to  float  or  swim  in  a  weak  solution  of  alcohol. 

In  the  case  of  female  mammals,  Xicloux  has  carefully  demonstrated 
the  passage  of  alcohol  from  the  blood  of  the  mother  into  the  tissues  of 
the  embryo.  The  following  tabulation  readily  shows  the  results  of  his 
experiments  on  dogs  and  guinea-pigs : 


Table  3. — Passage  of  Alcohol  from  the 

Mother  to  the  Fetus 
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After  a  short  period  of  time  the  amount  of  alcohol  in  the  blood  of 
the  fetus  is  about  equal  to  thai  in  the  blood  of  the  mother,  while  there 
is  really  more  alcohol  in  a  given  weight  of  the  tissues  of  the  fetus  than 
is  to  be  found  in  an  equal  vreighl  of  liver  tissues  from  the  mother. 

The  reality  of  the  passage  of  alcohol  from  the  mother  to  the  fetus 

demonstrates  the  possibility  of  the  intoxication  of  the  fetus.    Therefore, 

nervous  disorders,  anesthesia,  etc.,  of  the  late   fetus  may   result   as  a 

quence  of  alcohol  in  the  blood,  while  the  developing  embryo  or  early 

fetus  will  show  the  effects  by  as  abnormal   formation  of  the  nervous 

■  ui. 

Thus  the  results  of  the  experiments  of  ftfairet,  Combemale  and  Hodge 
on  dogs  are  readily  explained  as  the  direct  influence  of  alcohol  on  the 
paternal  germ  cells  in  the  case  of  the  treated  male,  or  on  the  developing 
within  the  body  of  the  alcoholic  mother.  The  greai  number  of 
human  records  briefly  referred  to  above  are  also  readily  interpreted  as 
the  result  of  direct  alcoholic  action  on  the  germ  cells  and  the  developing 
embryo. 
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The  experiments  on  mammals  do  not  then  really  differ  greatly  from 
those  on  the  lower  vertebrates  where  the  externally  developing  eggs  are 
placed  directly  in  various  unusual  solutions,  since  the  egg  or  embryo 
although  within  the  mother's  body  is  readily  bathed  or  impregnated  by 
the  alcohol  contained  within  the  mother's  blood. 

The  only  experiments  with  alcohol  on  lower  mammals  which  do  not 
fall  completely  in  line  with  the  above  records  are  those  recently  recorded 
by  Nice.  He  has  fed  mice  on  alcohol.  Each  day  2  c.c.  of  35  per  cent, 
alcohol  was  added  to  crackers  and  milk  and  placed  as  food  for  each 
mouse.  Instead  of  drinking  water  the  mice  could  drink  35  per  cent, 
alcohol  from  a  syphon  which  prevented  evaporation.  Animals  treated 
in  this  way  gained  in  weight  over  the  control.  The  offspring  from  these 
alcoholic  mice  excelled  all  the  other  mice  in  growth,  even  when  they 
themselves  were  fed  alcohol.  The  young  grew  faster,  however,  when  not 
given  alcohol.  Mce  treated  other  mice  with  tobacco  fumes,  nicotin  and 
caffein.  The  fecundity  of  the  alcohol,  nicotin  and  caffein  mice  was 
greater  than  the  control  while  those  treated  with  tobacco  fumes  had 
almost  twice  as  many  young  as  the  control.  The  mortality  of  the  off- 
spring from  the  treated  mice  was,  however,  greater  than  from  the  control. 
None  of  the  control  young  died,  while  17.3  per  cent,  of  the  nicotin 
young  and  11.1  per  cent,  of  the  alcoholic  young  died  soon  after  birth. 
There  was  only  one  abortion,  no  still-births  and  none  of  the  young  were 
deformed. 

Mice  may  possibly  be  peculiarly  resistant  to  these  drugs,  though  I 
should  rathei  think  that  in  the  case  of  alcohol,  at  least,  the  animals 
received  too  little  to  give  a  pronounced  effect,  though  it  was  sufficient 
to  cause  a  certain  fatality  among  the  young.  Weak  alcohol  mixed  with 
crackers  and  milk  no  doubt  rapidly  evaporates.  The  animals  possibly 
waited  until  a  certain  amount  of  the  alcohol  had  disappeared  before  they 
ate  their  food,  and,  of  course,  the  amount  of  alcohol  they  took  instead 
of  drinking  water  was  very  small.  Mice  may  easily  be  kept  on  a  cracker 
and  milk  diet  without  ever  receiving  water.  One  cannot  deny,  however, 
that  the  mice  did  receive  enough  alcohol  to  cause  them  to  fatten  more  rap- 
idly than  the  control,  and  probably  to  cause  the  death  of  some  of  their 
offspring. 

Carriere  has  shown  that  when  guinea-pigs  are  inoculated  with  various 
soluble  products  of  the  tubercle  bacillus  for  several  months  that  the 
number  of  offspring  is  diminished.  He  sometimes  observed  the  death  of 
the  fetus  or  premature  death  of  the  young,  while  many  of  the  living 
young  had  feeble  constitutions.  The  action  was  produced  when  either 
parent  was  impregnated  with  the  poison. 

Mating  together  two  inoculated  animals  gave  52  per  cent  still-born 
young;  28  per  cent.-  of  the  living  young  died  under  sixteen  days  and 
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20  per  cent,  of  the  young  survived.     When  the  female  alone  was 
inoculated  26.9  per  cent,  of  the  offspring  were  still-born, 
died  under  sixteen  day-  at.  of  the  young  survived.     The 

matings  with  the  male  alone  inoculated  gave   16.6  per  cent,  still-born, 
;■  cent,  dying  under  sixteen  days  and  73  per  cent,  of  the  offspring 
survived.    Thus  the  effect  of  the  toxin  is  shown  on  the  germ  cells  of  both 
- 

Lusi  periments  of  inoculating  fowls  with   abrin  .nave  res 

parallel  to  those  recorded  by  Carriere.    The  offspring  sistant 

to  inoculations  of  abrin,  just  as  the  guinea-pigs  were  to  the  tuberculosis 
extracts  when  compared  with  control  animals  of  the  same  age. 

Mall  has  cli  own  in  his  monograph  on  the  causes  of  human 

trosities  that  poor  nutrition  and  abnormal  environment  are  most 

potent  factors.     Only  1   per  cent,  of  the  uterine  pregnancies  examined 

gave  monsters,  while  96  per  cent,  of  the  tubal   pregnancies  produced 

abnormal  embryo-. 

Ballantyne  has  presented  in  his  "Antenatal  Pathology"  a  most  com- 
prehensive col  -  'i  of  the  part  played  by  abnormal  envir<  i 
and  disease  in  the  causation  of  monstrosities  and  developmental  d 
in  Lfeneral. 

The  effects  of  malnutrition  or  poor  environment  on  the  develo 
embr.  adidly  illustrated  by  the  case  of  monochorial  twins  when 

■  -  more  vigorous  and  pumps  blood  from  the  other  through  the 
bmoses  between  their  placental  or  umbilical  v< — Is.     In  such 

the  twins  may  fail  to  develop  certain  parts  and  may  actually  lack 

■  t.  the  heart  of  the  superior  embryo  pumping  blood  through  both 

the  bodies.    The  various  degrees  of  the  degenerate  or  parasitic  twin  is 

thus  produced.     One  individual   falls  behind   in  development  and  may 

included  within  the  body  of  the  more  vigorous  twin. 

Double  monsters  may  occur  in  which  one  individual  is  almost  perfect, 

while  the  -mallei-  moi  l    me  part   of  its  body. 

this  somewhi  survey  of  the  literature  in  o 

..n  abum  evidence  exists  at   the  present   time  to 

e  that  the  i  pment  may  be  readily  i  ' 

Bed.     !  shown  that  the  germ  cells  of  various,animals  may 

be  directly  affected  by  different  chemical  treatments  to  Mich  a   ■' 

e   individuals.     The  experiments  of  0. 
FTertwig  and  Morgan  oi  »ina  bifida  in 

number.,  of  ta  periments  on  the  constant  production  of 

•  ■    an  moil--  ibject im,r  developii  to  definite 

trongly   indicate  that    the  manner  of  embryonic 
at  may  be  definitely  r«  This  exact  regulation  or  con- 

trol of  development   is  the  importanl  goal  of  experimental  teratology. 
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The  problem  is  now  in  its  beginning,  since  the  actual  influence  of  various 
treatments  is  known  to  be  expressed  in  the  resulting  type  of  embryonic 
development. 

The  studies  on  alcoholism  in  mammals  have  failed  to  produce  any 
convincing  evidence  of  the  specific  actions  of  this  poison-  Yet  the  sta- 
tistical  studies  on  defective  human  beings  would  indicate  that  alcohol 
bad  a  special  affinity  for  the  developing  nervous  system.  My  experiments 
on  the  influence  of  alcohol  on  the  developing  fish  embryo  demonstrated 
that  alcohol  did  have  a  specific  affinity  for  the  central  nervous  system. 
and  caused  the  brains  of  these  embryos  to  exhibit  numerous  deformities. 
while  the  organs  of  special  sense  were  also  affected. 

METHOD   AXI)   RESULT 

The  experiments  here  recorded  have  been  undertaken  in  order  to 
ascertain  whether  alcohol  did  exert  a  marked  influence  on  the  germ  cells 
and  developing  embryos  of  mammals,  and,  if  possible  to  demonstrate  the 
nature  and  mode  of  action  of  this  influence.  I  have  used  alcohol  as  an 
agent,  since  it  may  be  given  to  guinea-pigs  without  greatly  disturbing 
their  normal  physiological  processes,  and  so  does  not  produce  marked 
conditions  which  might  secondarily  affect  the  results.  Alcohol  may 
remain  as  such  in  the  blood  and  tissues  of  a  mammal,  and  so  may  act 
directly  just  as  it  would  when  added  to  the  sea-water  in  which  fishes' 
eggs  were  developing.  I  haw-  studied  its  effects  experimentally  on  the 
eggs  of  lower  vertebrates  and  am  familiar  with  the  defects  it  produces  in 
these  animals.  It  is  an  active  substance  and,  therefore,  for  these  many 
reasons  lends  itself  admirably  to  experimental  use. 

The  experiments  have  been  conducted  on  guinea-pigs,  since  they 
breed  fairly  rapidly  and  rear  their  young  without  much  difficulty  in  the 
laboratory.  Strong  healthy  stock  has  been  chosen  and  the  animals  have 
been  carefully  handled.  All  have  remained  in  vigorous  health  and  most 
of  them  have  increased  in  size  and  fattened  during  the  progress  of  the 
experiment.  The  males  and  females  have  been  kept  carefully  separated 
and  individual  pairs  mated  from  time  to  time. 

The  animals  are  first  tested  by  normal  matings  and  found  to  produce 
normal  offspring.  The  alcoholic  treatment  is  then  begun  on  a  given 
number  of  individuals  and  males  and  females  mated  in  different  combi- 
nations according  t<>  whether  they  are  alcoholics  or  normal.  An  alco- 
holic male  is  mated  with  a  normal  female,  the  paternal  test.  This  is  the 
crucial  test  for  influence  on  the  germ  cells,  as  here  the  defective  offspring 
must  be  due  to  the  chemically  modified  spermatozoon  from  which  it  arose, 
since  the  egg,  and  the  mother  in  which  the  embryo  developed,  were  both 
normal. 


- 
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Normal  untreated  males  are  paired  with  alcoholic  females,  the  mater- 
st.     Eere  the  defective  offspring  may  be  due  either  to  a  modified 

ovum  or  to  the  fact  that  it  developed  in  a  mother  with  alcoholic  hi !. 

therefore  supplying  an  unfavorable  developmental  environment.  Lastly, 
it-  condition  may  be  due  to  both  of  these  causes.  The  mammalian  mother 
has  two  chances  to  injure  an  offspring,  either  by  producing  a  defective 
egg,  or  secondly  by  supplying  an  unfavorable  or  diseased  environmenl 
in  which  the  embryo  inn-i  develop. 

The  final  combination  is  the  mating  <>l'  alcoholic  individuals.  This, 
of  course,  offers  the  greatesi  chance  for  defective  offspring. 

Alcohol  is  administered  t<>  the  guinea-pigs  by  inhalation.  At  firsl 
it  was  given  with  the  f. I.  hut  the  animals  did  not  relish  it.  am!  there- 
fore took  less  food.     It  was  then  given  by  stomach  tube,  bu1  this  method 


Fig.  I.-  Tank  for  alcohol  treatment.  Animals  are  placed  on  the  wire  Bcreen 
in  the  closed  tank  and  inhale  the  fumes  of  alcohol  evaporating  from  the  cotton 
below  tli"  -i  reen. 

so  upsel  the  animals  thai  the  results  mighl  have  been  modified  by  their 
poor  bodily  condition  ami  the  bad  -int.'  of  their  stomachs.  The  inhala- 
tion method  i-  entirelj  satisfactory,  the  guinea-pigs  thrive  ami  usually 
gain  in  weigh!  during  the  experiment,  they  have  good  appetites  and  are 
in  ;ill  respects  apparent^  normal.  The  onl)  indication  of  the  effects  of 
the  treatmenl  i-  shown  h\  the  quality  of  offspring  the}   produce. 

'I'll,-  apparatus  used  for  giving  ill.'  alcohol  consists  of  an  air-tighi 
copper  mn!.  ■'><'<  inches  Imm  b)  IS  inches  wide  ami  I-.'  inch.-  deep.,  with 
;i  sloping  bottom  draining  to  the  center.  Over  this  bottom  is  placed  a 
wive  screen  ami  belovi  the  screen  cotton  soaked  with  95  per  cent,  alcohol 
is  spread   (Fig.  I).    The  tank  is  closed  am!  allowed  to  stand  mini  the 
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atmosphere  within  is  saturated  with  alcoholic  fumes.  A  ventilation 
system  is  so  arranged  that  a  given  quantity  of  alcohol  fumes  may  be 
driven  through  the  tank  in  a  given  time,  but  it  has  not  seemed  advisable 
to  use  this  device,  as  the  degree  of  intoxication  is  a  better  index  to  the 
physiological  response  of  the  animals,  since  their  resistance  to  a  given 
amount  of  the  fumes  is  changeable.  The  guinea-pigs,  three  or  four  at 
a  time,  are  placed  on  the  wire  screen  above  the  evaporating  alcohol,  the 
tank  is  again  closed  and  the  animals  are  allowed  to  remain  until  they 
begin  to  show  signs  of  intoxication,  though  they  are  never  completely 
intoxicated.  They  usually  inhale  the  fumes  for  about  an  hour.  The 
animals  are  treated  in  this  way  for  six  days  per  week  and  some  have  now 
been  treated  over  a  period  of  about  nineteen  months.    None  of  the  effects 


Fig.  2. — Breeding  cage  with  fume  tank  attachment.  Pregnant  females  are 
kept  in  this  cage  and  may  be  driven  through  the  drop  door  into  the  fume  tank. 
Handling  pregnant  animals  during  the  treatment  is  thus  avoided. 

are  due  to  want  of  air,  since  the  same  number  of  guinea-pigs  may  remain 
for  hours  in  this  closed  tank  without  showing  any  signs  of  discomfort 
when  there  are  no  fumes  present. 

In  order  to  avoid  handling  the  females  during  late  pregnancy,  a 
special  treating  cage  is  devised  for  them.  An  ordinary  box  run  with  a 
covered  nest  in  which  the  animal  lives  is  connected  by  a  drop  door  with 
a  metal-lined  tank  having  a  similar  screen  arrangement  to  that  described 
for  the  general  treatment  tank  (Fig.  2).  The  pregnant  animal  may  be 
driven  daily  into  the  tank  and  thus  treated  with  alcohol  fumes  through- 
out her  pregnancy  without  having  to  be  handled  or  moved  about  in  any 
way  that  would  tend  to  disturb  the  developing  fetus. 

During  the  vapor  treatment  the  animals  usually  react  in  a  manner 
quite  similar  to  their  behavior  in  weak  fumes  of  ether  or  chloroform. 


38 


VRVHIYE8     OF     INTERNAL      MEDICINE 


The  majority  of  them  .-it  quite  motionless  and  sniff  their  tioses  for  a 
time  and  then  become  somewhal  drowsy.  A  few  individuals,  however,  are 
excited  by  the  treatmeni  and  run  about  the  tank,  becoming  sexually 
excited,  and  many  often  fighl  other  animals  savagely.  One  of  the 
males  fights  and  bites  so  vigorously  while  taking  the  fumes  thai  he  has 
to  be  treated  separately  from  all  others.    The  fumes  then  have  a  differ- 

influence  on  the  behavior  of  different  individuals  in  much  the  same 
way  that  alcoholic  intoxication  expresses  itself  differently  on  differenl 
human  beings. 

During  the  firsl  U'\\  weeks  of  the  treatmeni  the  fumes  ran-.-  the 
eyes  to  water  so  thai  tear-  run  over  the  face.  The  oose  and  mouth  also 
become  moisl  and  the  animal-  sniff  almosl  constantly.  The  fumes  are 
very  irritating  to  the  mucous  membranes  at  first.  The  cornea 
becomes  irritated  and  finally  opaque  in  -cine  instances,  so  thai  the  eye 
take-  on  a  white  appearance.  The  tissues  seem,  however,  to  develop  a 
resistance  to  the  fumes.  The  eyes  become  clear  after  a  i'rw  months  and 
never  again   become  opaque.     The  nasal  mucosa  also  ceases  to  secrete 

ssively  unless  the  animal  is  left  in  for  an  unusually  Long  time. 

Many  of  the  guinea-pigs  have  been  killed  after  treatments  of  differ- 

duration  up  \<>  fifteen  months,  and  all  of  their  viscera  carefully  exam- 
ined. In  no  case  have  I  found  an)  changed  structures  due  to  the  alcoholic 
treatment.  The  lungs,  liver,  stomach,  intestines,  kidneys,  reproductive 
glands,  brain  and  all  other  parts  appear  perfectly  normal.    The  general 

1 1 1  and  behavior  of  the  animals  a  I -(>  indicate  that  they  are  in  l: !  con- 
dition. As  befon  mentioned,  several  animal-  have  been  partially  castrated 
during  the  experiment.  One  of  the  reproductive  glands  was  removed  and 
examined  microscopically.  In  all  cases  the  germ  cell-,  ova  or  spermatozoa, 
as  the  case  ma)  lie.  were  found  to  exhibil  perfectly  normal  structure.  Om 
cannol  claim,  therefore,  that  tin-  treatmeni  i-  exeessiv<  !\  severe  or  greater 
in  proportional  amounl  than  the  alcohol  a  buman  being  often  take-.  The 
fad  i-  thai  these  animal-  have  never  been  completely  intoxicated,  hut 
receive  onl)  enough  alcohol  -i\  lime-  per  week  i"  affecl  their  nervous 
-tarn-.  The)  may  he  compared  I"  a  toper  who  drink-  daily  bul  never 
lie,  oini-  reall)  drunk. 

While  the  bodies  of  these  animal-  displa)  no  direcl  effects  of  the 
alcohol,  the  conditions  of  the  offspring  t"  which  they  give  rise  sho^  mosl 
strikingly  the  effects  of  the  alcoholic  treatment.  The  results  of  mating 
tin    alcoholized  guinea  pigs  are  summarized  in  Table   I. 

Fifty-five  matings  of  treated  animal-  have  been  made.  Fort)  t\\"  of 
these  have  now   reached  full  term  ami  are  recorded.     Thirteen  matings 

nut  yel  due.     From  the  fort)  two  matings  onl)  -even  young  survived, 

and    -i\    of    the-e    ale    -till    living,    five   of    which    are    ruiil-.    though    their 

parents  were  unusually  large,  strong  animal-  (Figs.    I  and  5). 
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The  conditions  of  the  animals  in  the  mating  pairs  are  shown  in  the 
first  column  of  the  table  and  the  total  results  of  the  matings  are  indi- 
cated in  the  following  columns.  The  first  horizontal  line  gives  the  rec- 
ords when  alcoholic  males  are  paired  with  normal  females.  Twenty-four 
such  matings  were  made.  Fourteen  of  these  gave  negative  results,  or 
resulted  in  early  abortions.  Many  embryos  were  aborted  during  very 
young  stages,  and  some  of  these  were  deformed,  though  they  were  gen- 
erally in  such  poor  condition  after  being  cast  out  into  the  cages  that 
little  could  be  learned  from  them.  They  were  partially  or  completely 
eaten  by  the  mother  in  most  eases.  The  males  were  always  kept  for  a 
number  of  days  with  the  females  during  favorable  periods,  and  con- 
ception should  have  occurred  in  all  cases,  as  it  did  in  the  control  matings. 

Table  4. — Effects  of  Alcohol  ox  Offspring  of  Guinea-Pigs 


Condition  of  Animal 
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'Four  survivors  in  one  litter,  and  one  was  a  member  of  a  litter  of  three,  the 
other  two  died  immediately  after  birth,      (a)   Premature,      (b)    Sixth  daw 

fOne  lived  to  become  pregnant  with  two  young  in  utero,  one  deformed.  Fig.  3. 
Other  survivor  normal,  the  mother  was  not  treated  until  after  first  two  or  three 
weeks  of  pregnancy. 

JOf  thirty-two  young  born  only  seven  have  survived. 

§One  other  non-alcoholic  mating  was  made  from  which  two  young  resulted; 
they  died  after  the  second  and  fourth  days,  respectively,  and  the  mother  died  two 
day-  later:  her  diseased  condition  no  doubt  affected  the  suckling  young.  They 
have  for  this  reason  not  been  included   in  the  normal  control. 


Only  ten  of  the  twenty-four  matings  resulted  in  conceptions  which  ran 
the  lull  term.  Half  of  these,  or  five,  were  still-born  litters.  There  were 
three  still-born  litters  of  two  young  each  and  two  of  one  individual  each. 
Mo-t  of  these  were  slightly  premature,  their  eves  being  closed  and  the 
hair  sparse  on  the  bodies.  (A  normal  guinea-pig  at  birth  is  well  covered 
with  a  hairy  coat,  its  eyes  are  open  and  it  very  quickly  begins  to  run 
about  actively.) 
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Five  litters  of  1  i  \  i  n  Lr  young  were  born.  One  litter  consisted  of  only 
young,  a  weak  individual  thai  grew  very  little  and  died  after  sis 
weeks.  Two  litters  contained  two  young  each.  The  members  of  one 
of  these  litters  died  during  the  first  and  fourth  weeks,  having  been  weak 
and  small  since  birth.  Both  of  those  in  the  other  litter  were  in  a  sim- 
ilarly feeble  condition  and  died  before  the  first  month.  One  liner  con- 
tained three  young ;  two  of  these  died  immediately  after  birth;  the  other 
one  is  .-till  alive,  though  small  for  it-  age.  The  fifth  litter  contained 
four  young,  all  of  which  are  rum-,  though  their  parents  were  unusually 
large  animals  I  Figs.  1  and  5).  Thus  ""I  of  twenty-four  full-term  young, 
of  which  only  twelve  wen  born  alive,  but  five  individuals  have  survived, 
and  thesi  an   unusually  sum/1  and  very  shy  and  excitable  animals. 

It  is  a  poinl  of  some  interesl  that  all  of  the  young  animal.-  thai  died 
showed  various  nervous  disturbances,  having  epileptic-like  seizures,  and 
in  every  case  died  in  a  state  of  convulsion.  This  is  commonly  the  fate 
of  feeble  and   nervously  defective  children. 

The  important  fad  in  the  above  case  is  that  only  the  father  was 
alcoholic,  the  mother  being  a  normally  vigorous  animal.  This  experi- 
ment clearly  demonstrates  thai  the  paternal  germ  cells  may  be  modified 
by  chemical  treatment  to  such  a  degree  that  the  male  will  beget  abnor- 
mal offspring  even  though  he  mule  with  a  vigorous  female.  A  reconsid- 
on  oi  the  figures  in  the  firsl  line  of  the  table  shows  really  how  decid- 
edly the  injured  spermatozoon  expresses  itself  in  the  fate  of  the  eg-;  with 
which  it  combines. 

The  second  line  of  the  table  shows  the  results  of  matings  between 
alcoholized  females  and  normal  males.  These  matings  mighl  be  expected 
to  Lri\e  more  marked  results  than  the  pervious  ones,  since  in  the  treated 
females  nol  only  the  germ  cells  may  be  affected,  bul  the  developing 
embryo  itself  may  be  injured  by  the  presence  of  alcohol  in  the  blood  of 
the  mother.  Vicious  has  shown  thai  alcohol  may  pass  directly  from 
maternal  blood  into  the  embryonic  tissues  of  a  guinea-pig.  The  spermat- 
ozoon, however,  is  probably  a  more  sensitive  structure  than  the  egg  and 
i-  easily  injure!1  or  killed  by  .-lighth  abnormal  conditions.  It  mighl 
possibly  be  thai  when  such  a  specialized  cell  -warn  for  even  a  shorl  period- 
o'f  time  in  -einiiul  fluid  containing  a  trace  of  alcohol  its  chemical  nature 
would  be  bo  decidedly  disturbed  as  to  render  [\  incapable  of  inducing  nor- 
mal   development    ;ilfe|-    i  f  1 1  ]  >  l«  •  Lf  T 1 ;  1 1  i  1 1  Lf    file   egg.       A  I    illlY    HI  t  e    file    I'eW   CaSeS 

;it  presenl  available  seem  to  indicate  thai  the  effecl  on  the  offspring  is 
equally  ac  greal  when  it  is  produced  by  an  alcoholic  father  as  by  an 
alcoholic  mol 

There  are  only  four  matings  between  alcoholized  females  and  normal 
males.  One  of  these  gave  a  negative  resull  or  Was  possibiy  aborted  very 
early.    'Three  living  litters  were  born.     One  of  these  consisted  of  three 
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premature  young,  which  died  shortly  after  birth.  The  remaining  two 
litters  each  contained  only  one  young,  but  these  two  animals  survived. 
One  of  tbese  guinea-pigs  was  born  after  tbe  mother  had  been  treated  for 
three  and  one-half  months.  The  offspring  was  weak  and  small  for  several 
months  after  birth,  but  finally  recovered  and  developed  into  a  normal 
animal.  This  guinea-pig  was  mated  with  an  alcoholic  male  and  became 
pregnant.  Unfortunately,  she  was  killed  by  accident,  and  on  examina- 
tion her  uterus  was  found  to  contain  two  embryos,  33  and  32  mm.  in 
length.     One  of  these  embryos  was  deformed  and  showed  very  decidedly 


Fig.  3. — Two  embryos  32  and  33  mm.  in  length,  taken  from  a  female  that  had 
an  alcoholic  mother  and  was  mated  with  alcoholic  male.  The  upper  fetus  has 
deformed  hind  legs  and  a  poorly  developed  posterior  part  of  the  body;  lower  fetus 
is  normal. 

degenerate  and  feebly  developed  hind  legs.  The  posterior  end  of  its  body 
was  also  poorly  formed.  This  condition  is  readily  seen  in  Figure  3,  a 
photograph  of  the  two  embryos.  The  abnormal  one  has  small  hind  legs, 
and  one  of  them  is  badly  folded  under  its  body.  This  is  of  interest,  since 
all  of  the  affected  offspring  of  alcoholic  guinea-pigs  are  weak  in  their 
hind  extremities  and  drag  their  legs.  Yet  none  were  so  modified  as  to 
show  a  noticeable  structural  defect  except  this  embryo,  which  had  one 
alcoholic  grandmother  and  an  alcoholic  father. 
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The  only  other  survivor  from  an  alcoholic  mother  is  strong  and  full 
grown  for  its  age.  The  mother  had  been  treated  for  only  two  and  < »n< - 
half  months  when  the  offspring  was  born,  so  thai  she  was  normal  during 
the  tii'.-t  two  iir  three  weeks  <>f  pregnancy.  No  doubl  the  early  stages 
of  'developmenl  are  more  easily  modified  t<»  produce  significanl  defects 
than  are  the  later.  This  question  is  being  more  fully  tested  on  guinea- 
pigs   with   experiments   qow   in   progress.      I    have  shown,   however,   in 


Fig.  i.  \.  The  animal  on  the  lefl  is  .>  run!  from  ;>  large  alcoholic  male  and 
.1  large  normal  female;  weighs  134  gm.  The  animal  on  the  right,  from  normal 
parents,  is  larger  although    I   month  youngei   and  weighs   I  17  uin. 

B.     The  guinea  pig  on  the  lefl  ia  ;i   runt,  weighing   132  gm,  from  an  alcoholic 

father;   on   the   li^ht    ;i    mal   guinea  pig    i  vice  aa    large  though   onlj    I11  days 

older,  weighs  221   gm. 


treating  fish  eggs  thai  the  period  a1   which  the  treatmenl   is  applied  is 

a  mo8l  importanl  factoi  in  determining  the  type  of  defecl  or  i lifii 

which    will    result.      Certain    salts,    diflFerenl    strengths    of    magnesium 
chlorid,  for  example,  which  Lri\r  pronounced  effects  when  added  to  the 
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sea-water  containing  eggs  in  early  developmental  stages,  may  really  be 
ineffective  after  the  eggs  have  developed  beyond  these  stages.  In  the 
ease  under  consideration  the  offspring  might  noi  have  fared  so  well  if 
the  alcoholic  treatment  had  been  started  on  the  mother  a  few  weeks 
before  conception,  instead  of  three  weeks  after  her  pregnancy  had  begun. 
This  with  other  points  shall  be  more  completely  analyzed  in  future  com- 
munications on  these  experiments. 


Fig.  5. — A.  Two  guinea-pigs  from  alcoholic  fathers,  the  left  one  1  month  and 
10  days  younger  than  the  runt  on  the  right. 

B.  The  left  animal  is  the  same  as  above,  the  right  another  of  the  same 
runt   litter. 

The  four  matings  of  alcoholic  females  and  normal  males  resulted  in 
three  living  litters  in  all  (if  five  individuals.  Three  of  the  young  were 
pr<  mature  and  died  shortly  after  birth,  while  two  young  survived. 
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Finally,  we  may  consider  the  results  of  pairing  two  alcoholized  indi- 
viduals. The  third  line  of  the  table  summarizes  these  results.  As  might 
have  been  anticipated,  this  type  of  mating  has  given  the  highest  fatality 
of  all. 

^  Ten  out  of  a  total  of  fourteen  matings  bave  given  do  offspring  or 
early  abortions,  which  were  in  many  cases  eaten  by  the  mother.  Three 
still-born  litters  have  been  produced,  each  consisting  of  two  young. 
ing  litter  was  born  from  the  fourteen  matings  in  which  both 
parents  wen  alcoholic,  mul  this  litter  consisted  of  but  one  weak  individ- 
which  died  in  convulsions  on  the  sixth  day  after  birth.  This  - 
indeed  a  decided  effed  of  alcohol  on  the  offspring  when  one  compares 
it  with  nine  control  matings,  all  of  which  gave  living  litters  containing 
a  total  of  seventeen  individuals,  all  surviving. 

Two  other  young  were  produced  by  i -alcoholic  parents  and  died  on 

the  second  and  fourth  days  after  birth.  They  have  noi  been  included 
in  the  control  since  the  mother  died  two  days  later  in  a  diseased  condi- 
tion. Xn  doubt  the  poor  state  of  the  mother  had  much  to  do  with  the 
fate  of  the  suckling  young.  She  was  an  animal  thai  bad  only  been  in 
the  experimeni  for  a  shorl  time,  and  is  one  of  the  very  few  that  bave 
contracted  disease  <>r  died  during  the  aineteen  months  of  the  work.  This 
mighl  possibly  :j:<>  t<>  show  the  influence  of  a  diseased  mother  mi  the 
offspring. 

The  fourth  line  of  Table  1  gives  a  summary  of  the  experiments. 
There  have  been  forty-two  full-term  matings,  twenty-five  of  which  gave 
qo  results  or  early  abortions;  eighl  still-born  litters  have  occurred,  con- 
sisting of  fourteen  individuals;  only  nine  living  litters  have  been  born, 
21  per  cent,  of  the  matings.  These  contained  eighteen  young,  and  bul 
en  of  this  number  have  survived  and  five  of  these  survivors  are 
iinii-iiall\   -mall   (  Figs.    1.  5). 

The  bottom  line  of  the  table  shows  aine  control  matings.  All  have 
given  living  litters  containing  a  total  of  seventeen  young,  all  of  them 
surviving.  The  two  young  thai  died,  as  stated  above,  were  from  a  dying 
mother  and  noi  included  in  the  conl  rol. 

Records  of  the  successive  matings  of  ten  of  the  female  guinea 
are  shown  in  Table  5.  The  varying  way-  in  which  the  same  individual 
has  responded  in  differenl  matings  is  noticeable.  Number  10,  an  alco- 
holic female,  firs!  mated  with  an  alcoholic  male,  gave  one  young  which 
died  on  the  sixth  day  after  birth.  On  being  remated  with  the  same  male, 
\.».  10,  gave  no  result.  When  mated  with  another  alcoholic  male,  gave 
no  r<  suit,     si      mated  again  after  several  months  with  the  firs!  male  and 

being  killed   was   found    to  contain  one  embryo   in   utero  aboul    2 
old. 

Female   L5,  a  normal  guinea-pig,  shows  an  instructive  record, 
was  mated  with  an  alcoholic  male  and  gave  birth  t"  i\\"  still-born  young. 
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When  mated  with  another  alcoholic  male  she  gave  a  negative  result. 
Remated  with  the  second  male  she  gave  two  young,  both  of  which  died 
of  convulsions  within  four  weeks  after  birth.  She  was  then  mated  with 
a  normal  male  as  a  control  and  gave  one  vigorous  normal  offspring 
which  survived. 

Table  5. — Results  of  Successive  Matings  of  Tex  Females 


Animal 

First    Mating 

Second  Mating 

Third  Mating 

Fourth  Mating 

No.   10  Ale. 

Ale.  male  4.  1 

Ale.  male  4 

Ale.  male  6 

Ale.  male  4. 

young      died 

0 

0 

1   embryo  in 

in  6  days 

tit  era  2  weeks 
after 

X~o.   12  Ale. 

Ale.  male  5 
0 

Ale.  male  5 
0 

Ale.  male  4 
0 

Xo.  11   Ale. 

Ale.  male  6 

Ale.  male  6 

Ale.  male  5: 

Ale.  male  4 

0 

0 

2   premat. 
still-born 

0 

Xo.  13  Nor. 

Ale.  male  5 
1   still-born 

Ale.  male  5 
0 

Ale.  male  4 
0 

Xo.  17  Nor. 

Etherized 
male  1 

Etherized 
male  1 

0 

0 

Xo.  IS  Nor. 

Ale.  male  5 
0 

Ale.  male  5 
0 

Ale.  male  6 
0 

Xo.   7  Nor. 

Etherized 
male  2 : 

Etherized 
male  2 

Etherized 
male  2 

2  premat. 

0 

0 

still-born 

Xo.  14  Nor. 

Etherized 
male  3 

Etherized 
male  3 

0 

0 

Xo.  19  Nor. 

Ale.  male  4 

Ale.  male  6 : 

Ale.  male  6 

Ale.    male    5; 

0 

1   still-born 

0 

4    small,    ac- 
tive,     only 
one-half    size, 
but   living 

Xo.  15  Nor. 

Ale.    male    6; 

Ale.  male  5 

Ale.  male  5 : 

Xor.    male ;     1 

2  still-born 

0 

2  died  fourth 
week  of  con- 
vulsions 

normal  vigor- 
ous   young 

The  other  records  are  easily  understood. 

These  experiments  have  suggested  many  questions  still  to  be  solved, 
some  of  which  are  now  being  tested,  such  as  the  length  of  time  necessary 
to  treat  an  animal  before  the  resulting  offspring  is  affected,  whether  this 
time  is  equally  long  for  both  sexes,  and  what  amount  of  individual  varia- 
tion may  exist.  An  important  point  to  ascertain  is  whether  the  effects 
of  the  alcohol  treatment  are  permanent,  or  does  the  animal  recover  after 
a  time  and  again  become  capable  of  giving  normal  offspring.  One  of  the 
most  valuable  problems  is  to  regulate  the  treatment  in  such  a  manner 
as  to  induce  a  definite  type  of  defect  with  a  given  kind  or  degree  of 
treatment.     The  structure  or  morphology  of  the  monsters  and  defective 
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offspring   which  occur  is  to  be  carefully  studied.     Many  other  points 
might  readily       sugg  sted. 

Di  inite  and  well-controlled  experiments  with  alcohol  and  other  sub- 
stances "ii  the  mammalian  offspring  have  qo1  been  sufficiently  studied. 
The  work  is  really  in  its  beginning,  and  while  there  is  much  evidence  to 
show  that  various  toxic  agents  do  affecl  and  modify  the  offspring,  facts 
are  badly  deeded  to  demonstrate  the  regularity  and  manner  of  this 
modification.  The  presenl  experiments  seem  to  me  to  prove  in  a  con- 
vincing way  that  alcohol  may  readily  affecl  the  offspring  through  either 
parent,  ami  that  this  effect  is  almost  fatal  to  the  existence  of  the  off- 
spring when  the  parents  have  been  treated  with,  even  fairly  large  doses 
of  alcohol.  Many  <>f  the  cases  seem  to  indicate  further,  that  the  tissues 
of  the  oervous  system  of  the  offspring  are  particularly  sensitive  in  their 
responses  i<>  the  induced  conditions. 

M  j  assistant,  Miss  Craig,  has  aided  me  greatlj  throughout  almosl  the  entire 
progress  of  these  experiments.  Last  \i-;u  during  uaj  absence  abroad  she  : i — 1 1 n i* -d 
entire  control  of  the  animals,  and  I  am  indebted  o>  her  for  tlii-  efficient  assistance. 

SC11  M  ART. 

Guinea-pigs  have  been  treated  with  alcohol  in  older  to  tesl  the  influ- 
ence of  such   treatment    on   their  offspring.      Male  and    female  anim 
are  given   alcohol   by  an    inhalation   method    until   they   begin   to  show 

-  of  intoxication,  though  they  are  never  completely  intoxicated.  They 
are  treated  for  aboul  an  hour  at  the  time,  sis  day-  per  week.  The 
treatment  in  soi f  the  cases  has  now  extended  over  a  period  of  nine- 
teen months.  The  animal-  may  be  said  to  be  in  a  state  of  chronic 
alcoholism. 

Fifty-five  matings  of  the  alcoholized  animals  have  been  made,  forty- 
two  of  which  have  reached  full  term  and  are  recorded. 

From  these  forty-two  matings  only  seven  young  animal-  have  sur- 
vived, and  five  of  them  are  unusually  small,  though  their  parents  were 
large,  vigorous  guinea-pigs.    The  following  combinations  were  made: 

I.  Alcoholic  males  were  mated  to  normal  females.  This  is  the  paternal 
test,  and  i-  the  really  crucial  proof  of  the  influence  of  alcohol  on  the 
gi  i  in  cells,  3ince  the  defective  offspring  in  this  case  musl  be  due  to  the « 
modified  spermatozoa,  or  male  germ  cells,  from  which  thej  arise. 
Twenty-four  matings  of  this  type  were  made,  fourteen  of  which  gave  no 
re-nh  or  very  earl)  abortions;  five  still  horn  Inter-  were  produced,  eon 
sisting  of  eight  individuals  in  all,  and  five  living  litters  containing  twelve 

og.     Seven  of  these  twelve  died  soon  after  birth,  and  only  live  have 

ived.  Four  of  the  Biirvivors  are  from  one  Inter  and  the  fifth  is  the 
only  Living  member  of  a  lit ter  of  i hree. 

'.'.  Normal  male-  were  mated  with  alcoholic  female-.  Tin-  i-  the 
maternal  te-i.  In  such  cases  the  alcohol  may  affect  the  offspring  in  two 
way.-     by  modifying  the  germ  cells  of  the  mother  or  acting  directly  on 


CHARLES     ft.     STOCKARD  397 

the  developing  embryo  in  utero.  Only  four  such  matings  were  tried. 
One  gave  no  offspring;  three  living  litters  were  horn,  one  consisting  of 
three  premature  young  that  died  at  hirth.  while  the  other  two  litters 
consisted  each  of  one  young,  which  have  survived.  The  alcoholic  treat- 
ment in  one  of  the  last  cases  was  only  begun  after  the  mother  had  heen 
pregnant  for  about  three  weeks. 

3.  Alcoholic  males  were  mated  to  alcoholic  females.  This  is  the  most 
severe  test,  both  parents  being  alcoholic.  Fourteen  such  matings  gave  in 
ten  eases  no  offspring,  or  very  early  ahortions.  Three  still-horn  litters 
were  produced,  consisting  in  all  of  six  individuals,  while  only  one  living 
young  was  horn.  This  single  offspring  from  the  fourteen  matings  died 
in  convulsions  on  Hie  sixth  day  after  birth. 

The  young  that  have  died  in  the  experiment  showed  nervous  disor- 
ders, many  having  epileptic-like  seizures,  and  all  died  in  convulsions. 

Nine  control  matin'/*  in  Hie  same  group  of  animals  have  given  nine 
living  litters,  consisting  in  all  of  seventeen  individuals,  all  of  which 
have  survived  and  are  large,  vigorous  animals  for  their  ages.  Two  young 
from  non-alcoholic  parents  died,  hut  this  mother  also  died  two  days 
later.     He'1  diseased  condition  doubtless  affected  the  suckling  y>>ung. 

Forty-two  matings  of  alcoholic  guinea-pigs  have  given  only  eighteen 
young  born  alive,  and  of  these  only  seven,  five  of  which  are  runts,  sur- 
vived for  more  than  a  far  weeks,  while  nine  control  matings  have  given 
seventeen  young,  ait  of  which  have  survived  ami  an-  normal,  vigorous 
individuals.  These  facts  convincingly  demonstrate  tin-  detrimental 
effects  of  alcohol  on  the  parental  germ  ceils  and  the  developing  offspring. 

REFERENCES 

Adarai.  J.  G. :  The  Principles  of  Pathology.  Vol.  I.  Xew  York.  Lea  and  Febiger, 
1908. 

Ballantyne:   Antenatal  Pathology.  Edinburgh.  Green  and  Son.   1002. 

Bertholet,  E. :  Ueber  Atropine  des  Hoden  bei  chronischem  Alkoholismus. 
Centralbl.  f.  allg.  Path..    1000.  xx.   1062. 

Elderton.  E..  and  Pearson.  K.:  A  First  Study  of  the  Influence  of  Parental 
Alcoholism  on  the  Physique  and  Ability  of  the  Offspring.  Eugenics  Lab.  Memoir, 
1910,  x,  Dulan,  London. 

Fere.  C. :  Influence  du  repos.  sur  les  effets  de  Fexposition  prealable  aux  vapeurs 
d'alcool  avant  l'incubation  de  Foeuf  de  poule.  Compt.  rend  Soc.  de  biol.,  1S09,  li; 
Xote  sur  la  resistance  de  l'embryon  de  poulet  aux  traumatismes  de  Foeuf.  Jour. 
anat.  et  de  physio]..  1897,  p.  264.  Remarques  sur  Fincubations  des  oeufs  de  poule 
prives  de  leur  coquille.     Compt.  rend.  Soc.  de  biol..  1000.  lii. 

Forel.  A.:  Alkohol  und  Keimzellen  ( blastophthorische  Kntartung).  Miinchen. 
med.  Wchnschr.,  Dec.  5.  1011.  lviii.  2506. 

Herb-t.  ('.:  Kxperimentelle  Lntersuchungen.  u.s.w..  Ztschr.  f.  wissensch.  Zool., 
1892,  iv:  Mitt.  a.  d.  Zool.  Staz.  zu  Xaepel.  1803:  Arch.  f.  Entwicklungsmechn.  d. 
<  Irgan.,  1806,  iv. 

Hertwig.  O. :  Urmund  und  Spina  bifida.  Eine  vergleichende  morphologische. 
teratologische  Studie  an  missgebildeten  Froscheiern.  Arch.  f.  niik.  Anat.,  1892, 
xxxix,  353-503. 

Hodge,  C.  F. :  The  Influence  of  Alcohol  on  Growth  and  Development.  In 
Physiological  Aspects  of  the  Liquor  Problem,  by  Pollings,  ed.  1.  p.  359,  Houghton, 
Mifflin  Co..  Xew  York.  1903. 


1/.V7//1  E8     OF     l\  7  /.'/.*  \  i/.     MEDICINE 

Hoppe,  i!.:   Die  Tatsachen  fiber  den  Alkohol.     Ed.  3,  Berlin,  1904. 

Hunt.  Reid:  Studies  in  Experimental  Alcoholism.  U.  S.  1  'ul>-  Health  Bull. 
No.  :;::.  1907. 

Kyrle:  Beriehl  fiber  Verhandlungen  der  XIII  Tagung  der  Deutschen  pathologi- 
schen  Gesellschafl  in  Leipzig.    Centralbl.  f.  Path.  u.  path.  Anat.,  \\.  No.  77.  1909. 

Laitinen,  T.:  Ueber  den  Einfluss  dea  Alkohols  auf  die  Widerstandsfahigkeil 
dea  menschlichen  und  tierischen  Organismua  mil  besonderer  Berticksichtigung  der 
Vererbung.  Tr.  Kong.  Inter.  \  Alkoholismus,  Budapest,  1905;  Ueber  die  Bin- 
wirkung  der  Kleinsten  Alkoholmengen  auf  die  Widerstandsfahigkeit  des  tierischen 
Organismua  mit  besonderer  Berficksichtigung  der  Nachkommenschaft.  Ztschr.  f. 
Hygiene,   L908,  Iviii,   L39. 

Loeb,  J.:  Investigations  in  Physiological  Morphology.  III.  Experiments  on 
(  leavage.  Jour.  Morph.,  1892,  \ii.  -'>'■>:  I feber  die  Entwicklung  von  Fischembryo- 
nen  "hue  Kreislauf.  Pfluger'a  Arch.  f.  d.  ges.  Physiol..  1893.  liv.  525;  Ueber  die 
relative  Empfindlichkeil  von  Fischembryonen  gegen  Sauerstoffmangel  und  Wasaei 
entziehung  in  verschiedenen  Entwicklungsstadien.  Pfluger's  Arch.  f.  d.  ges. 
Physiol.,  1894,  lv,  530;  Studies  in  General  Physiology.  Two  volumes,  Univ.  of 
i  bicago  l'i  •  ss,   1 905. 

Lustig,  A.:  l-t  die  Efir  Gifte  erwordene  Immunitai  fibertragbar  von  Eltern  auf 
die  Nachkommenschaft?     Centralbl.  f.  Pathol.,  1904,  w.  -210. 

Mairel  and  Combemale:  [nfluence  degeneration  de  l'alcool  sur  la  descendance. 
Compt.  rend.  Acad.  d.  Sc,   1888,  cvi,  *  ">  • ;  7 . 

Mall,  I".  P.:  AStudj  of  the  Causes  underlying  the  Origin  of  Bumaa  Monsters, 
.luu,-.  Morph.,  1908,  six,  I  361. 

\l,(  lendon,  J.  F.:  An  Attempl  Towards  the  Physical  Chemistry  of  the  Pro- 
duction of  One-Eyed  Monstrosities.    Am.  Jour.  Physiol.,  1912,  sxix,  289. 

Morgan,  T.  II.:  Tin-  I  :<-l.i  t  i<  >n  Met  wren  Normal  ami  Abnormal  Developmenl  of 
the  Embryo  of  the  Frog,  as  determined  by  the  Effects  of  Lithium  Chlorid  in 
Solution.  Anli.  t.  Entwicklingsmech.,  1903,  xvi;  The  Relation  Between  Normal 
and   Abnormal   Developmenl  of  the  Embryo  of  the  Frog,   [bid.,  1902-1905,  \\  six. 

Nice,  L.  P..:  Comparative  Studies  on  the  Effects  of  Alcohol,  Nicotin,  Tobacco 
Smoke  and  Caffeine  on  White  Mice.  I.  Effects  on  Reproduction  and  Growth. 
Jour.  Exper.  Zool.,  1912,  vii,  L33. 

Nicloux:  Passage  de  I'Alcool  ingere"  de  la  mere  an  foetus,  etc.  L'Obstetrique, 
l xcix. 

Paul,  (  onstantin:  fttude  but  l'intoxication  lente  par  les  preparations  de  plomb, 
,|,.  -,in  influence  Bur  le  produii  de  la  conception.     Arch.  gen.  de  m£d.,  I860,  xv,  513. 

Pearson,  K.,  and  Elderton,  E.:  A  Second  Studj  of  the  [nfluence  of  Parental 
Alcoholism  on  the  Physique  and  Abilitj  of  the  Offspring.  A  Replj  to  Medical 
<  riticsNol  the  Firs!   Memoir.     Eugenics  Lab.  Memoir.  13,  Dulan,  London,  1910. 

Preyer,  W.:   Physiologie  Bpficiale  de  I'embryon.    Trad,  franc,   i^s7.  p.  16. 

Simmomls,  II.:  Ueber  die  Ursache  der  Azoospermie.  Vortr.  im  Aerztl.  Verein 
zu   Hamburg,  June,   1898;    Perl.  klin.  Wchnschr.,   L898,   No.  36,  p.  806. 

Stockard.  C.    R.:    The   Developmenl   of   Fundulus  heteroclitus   in   Solutions  of 

Lithium  Chlorid,  etc.    -I '.  Exper.  Zool.,  1906,  iii.  99;     The  [nfluence  of  External 

Factors,  <  hemical  and  Physical,  <>n  the  Developmenl  of  Fundulus  heteroclitus. 
r  .'mi  i .  Exp.  Zool.,  1907,  i\.  165;  The  Artificial  Production  of  a  Single  Median 
Cyclopean  Eye  in  the  Fish  Embryo  bj  Means  of  "-< > 1 1 1 1  i « ■! i -  <■!  Magnesium  »  hlorid. 
\hIi.  f.  Entwicklungsn h.,  1907,  x v i i i .  249;  L909,  vi,  285;  The  Origin  of  Cer- 
tain Types  "i  Monsters,  Am.  .Pair.  Obst.,  1909;  li\.  No.  I:  The  Independent 
Origin  and  Developmenl  of  the  Crystalline  Pen-.  Am.  Jour,  \nat..  1910,  \.  393; 
II,,.  [nfluence  of  Alcohol  and  Othei    Anesthetics  on  Embryonic  Development.      \m. 

JOUr.    Anal..    Ill  Hi.    n.    369. 

Sullivan,  W.  <  .;    \    Note  on  the  Influence  ol   Maternal   [nebrietj   on  the  Ofl 
spring.    Jour.   Menl    S(      1899,  itlv,  189. 

["odde,   •  .:    L'azi •  dell'  alcool   sullo   Bvillupo  e   Bulla    funzione  dei   testicoli. 

Riv.  Bp<  r.  di  In  niatria,  1910,  xxxvi,  No   3,  p.   i91 . 

■  i     ii    I       i  ebei   die  Einwirkung  des    Alkohols  auf  die  Entwicklung  der 
l.     Biol.  Zentralbl.,  June.  1903,  xxiii,   i  \S. 


PROGRESSIVE    INTERSTITIAL    HYPERTROPHIC    NEURITIS 

OF   CHILDHOOD  OF  DEJERIXE  AND   SOTTAS. 

REPORT   OF   A   CASE* 

WALTER   F.  SCHALLER,  M.D. 

SAX    FRANCISCO 

This  rare  disease  was  first  described  as  an  independent  affection  by 
Dejerine  and  Sottas.1  Previous  to  their  publication  Gombault  and 
Mallet2  published  the  account  of  an  observation  of  a  patient  having  the 
characteristics  of  this  affection,  but  they  considered  it  as  a  ease  of  tabes. 
There  are  but  three  autopsies  recorded,  those  of  Dejerine  and  Sottas,1  of 
Dejerine  and  Thomas3  and  the  case  of  Pierre  Marie  studied  by  Boveri.4 

This  disease  has  been  studied  chiefly  in  France.  The  original  descrip- 
tions of  Gombault  and  Mallet,  Dejerine  and  Sottas  and  a  subsequent 
publication  by  Dejerine5  give  a  complete  and  thorough  description  of  the 
affection  from  a  pathological  as  well  as  a  clinical  standpoint.  A  good 
account  is  found  in  the  work  of  Dejerine  and  Thomas.6  and  it  is  briefly 
considered  by  Pierre  Marie7  in  his  book  on  neurology.  Short  accounts  are 
also  found  in  v.  Hutinel's  System.8  in  the  work  of  Pfaundler  and  Schloss- 
mann0 and  in  Osiers  Modern  Medicine.10  Sainton11  takes  up  the  question 
of  differential  diagnosis  and  holds  very  strongly  for  the  independent 
classification  of  the  affection.  This  has  been  brought  in  question  by 
Marinesco,12  Beduschi13  and  Ravmond.14  who  believe  that  the  affection  is 


*From  the  Neurological  Clinic,  Department  of  Medicine.  Leland  Stanford  Jr. 
University,  San   Francisco.  Cal. 

*Manuseript  submitted  for  publication  July  24,  1912. 
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identical  with,  or  Forms  a  type  of,  the  myelopathic  muscular  atrophy  type. 
Charcot-Marie.  Dejerine,  Sainton,  Pierre  Marie  and  Boveri  hold  for  the 
independence  of  the  affection  and  claim  thai  the  hypertrophy  of  the 
nerves,  which  constitutes  one  of  the  mosl  striking  characteristics  of  the 
-  tase,  is  an  early  pathological  finding  and  not  a  late  development  accom- 
panying muscular  atrophy  and  deformity.  1  believe  thai  the  case  thai  1 
am  to  report  will  throw  some  lighi  on  this  question. 

In  Germany,  Brasch15  presented  two  doubtful  cases  in  Berlin  in  1903, 
which  he  believed  to  be  subforms  of  this  disease.  There  was,  however,  no 
distinct  hypertrophy  of  the  peripheral  nerves  in  his  cases;  and  in  the 
discussion  which  followed  Bemak  thoughl  thai  they  fell  rather  into  the 
classification  of  the  type  of  muscular  atrophy  described  by  Boffmann  of 
Heidelberg  (progressive  neural  muscular  atrophy). 

DESCRIPTION    OF    DISEASE 

It  1  as  it-  commencemenl  in  childhood  between  the  eighth  and  four- 
teenth year  and  is  frequently  a  family  affection.  It  is  characterized  by  a 
progressive  course,  by  ataxia,  by  muscular  atrophy  and  a  marked  disturb- 
ance of  the  sensibility  together  with  hypertrophy  of  the  nerve  trunks, 
which  is  the  distinguishing  feature  of  the  disease.  The  muscular  atrophy 
commences  in  th<  extremities  and  the  inferior  <  xtremity  is  always  involved 

re  the  superior.    The  atrophy  of  the  small  muscles  of  the  hands  is 
the  Aran-Duchenne  type.    The  atrophy  and  the  malformation  of  the  feel 
is  such  as  is  mel  with  in  Friedreich's  ataxia.  Fibrillary  contra*  tions  of  the 
muscle's   have  been   occasionally    noted.     The  cutaneous   and   tendinous 
refle  died.    The  muscular  response  to  the  faradic  and  galvanic 

currents  is  diminished;  reaction  of  degeneration  is  occasionally  noted. 
All  forms  of  sensibility  are  markedly  affected.  The  walk  is  that  of 
steppage,  bul  nol  typically  bo,  as  the  presence  of  a  certain  amounl 
ataxia  produces  a  very  unsteady  gait.  The  sign  of  Romberg  is  presenl 
andNthere  is  a  marked  ataxia  in  the  finger-nose  and  heel-knei  tests.  The 
reaction  of  the  pupil  to  lighi  is  slowed  or  entirely  absenl  while  the 
reactions  to  accommodation  and  to  convergence  are  consi  rved.  Thus  the 
Argyll  Robertson  pupil  has  been  observed.  The  sphincters  are  intact. 
The  hypertrophj  of  the  nerves  is  perhaps  the  mosl  striking  feature  of  the, 
•clinical  picture.  Nol  onlj  are  the  greal  aerve  trunks  of  the  extremities 
involved,  bul  also  the  cutaneous  branches.  To  quote  the  description  o! 
I  >i  J-  i  i  in' : 

It    i-   .i    uniform   hypertrophj    «iil i    nodositj    <t  anj    unevenness;    the  con 

listencj  "i  the  nerves  is  greatly  increased  and  givef  t"  the  palpating  Anger  the 
impression  of  the  arteries  of  b  cadavei  previouslj  injected  with  gelatin.  1 1 ><• 
pressure  on  the  nerve  trunks,  even  though  it  i»-  great,  causes  no  pain.  In  the 
hypertrophic  interstitial  neuritis  there  is  a  veritable  analgesia  of  the  nerve 
trunks  to  pressure  and  to  the  electrh   current. 


15.   Brasch:     Berlin    Gesellsch.    f.    Psychiat.     u.     Nervenkr.,    Julj      13,     1903. 
Reported   in   Neurol.  I  entralbl.,    1903,   No.   16,  p.  7 18. 
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Due  to  the  atrophy  of  the  muscles  which  tend  to  support  the  spinal 
column  kyphoscoliosis  has  been  noted.  Exophthalmos,  scanning  speech, 
intention  tremor  and  nystagmus  may  be  present. 

Boveri4  has  described  two  clinical  types  of  the  affection : 

1.  Type  Gombault-Dejerine-Sottas. — Myosis,  Argyll  Eobertson  pupils, 
lightning  pains,  motor  ataxia,  fibrillary  twitchings,  nystagmus,  absence  of 
intention  tremor,  of  scanning  speech  and  of  exophthalmos  and  the  pres- 
ence of  general  muscular  atrophy. 

2.  Type  Pierre  Marie. — Xo  true  Romberg,  no  myosis,  no  true  Argyll 
Eobertson  pupils,  only  slow  reaction  to  light,  no  lightning  pains,  motor 
ataxia,  nystagmus  or  fibrillary  twitchings.  Intention  tremor,  scanning 
speech  and  exophthalmos  present.  Muscular  atrophy  limited  to  the  lower 
extremity  and  barely  indicated  in  the  hands.  This  type  therefore  presents 
points  of  similarity  to  multiple  sclerosis. 

PATHOLOGICAL  ANATOMY    (dEJERIXE) 

The  cranial  nerves  are  larger  than  those  of  a  normal  individual,  but 
are  far  less  hypertrophied  than  the  spinal  nerves.  The  sympathetic  system 
takes  a  prominent  part  in  the  hypertrophy.  The  ganglia  of  the  posterior 
roots  are  notably  enlarged.  The  spinal  cord  is  not  altered  in  volume,  but 
there  is  an  atrophy  of  the  posterior  columns  and  an  accompanying  lepto- 
meningitis in  this  locality.  The  dura  mater  about  the  cord  is  not  altered. 
Histologically,  the  nerves  show  both  interstitial  and  parenchymatous 
changes.  The  interstitial  changes  are  typical.  The  proliferation  of 
fibrous  tissue  instead  of  taking  place  between  the  nervous  elements  in  the 
endoneurium,  as  in  certain  other  forms  of  neuritis,  takes  place  about  the 
individual  nerve  fiber  or  about  several  fibers  forming  an  isolating  sheath, 
without,  however,  the  endoneurium  being  affected.  This  sheath  of  con- 
nective tissue  is  disposed  concentrically  about  the  nerve  fiber  much  after 
the  fashion  of  the  layers  of  an  onion.  In  the  peripheral  nerves  one  sees 
few  nuclei ;  on  the  contrary  the  spinal  roots  show  abundant  nuclei  of  the 
embryonic  type  and  vacuoles  are  numerous.  The  posterior  horns  of  the 
gray  matter  in  the  cord  are  small.  The  cells  of  the  anterior  horn  studied 
by  Xissl's  method  show  a  diminution  in  number  and  some  are  found 
atrophied  and  the  chromatic  network  is  hardly  visible. 

DIFFERENTIAL    DIAGNOSIS 

This  affection  must  be  differentiated  from  the  Charcot-Marie  type  of 
spinal  muscular  atrophy,  from  Friedreich's  ataxia,  from  an  ordinary  per- 
ipheral neuritis  and  from  juvenile  tabes.  I  saw  a  case  in  the  service  of 
Pierre  Marie  in  Bieetre,  which  was  considered  to  be  a  case  of  Friedreich's 
ataxia  until  the  discovery  of  the  hypertrophic  nerves  showed  the  error  in 
diagnosis.  The  first  described  case  of  this  affection  was  classed  as  a 
juvenile  tabes.  The  case  I  have  to  report  resembles  tabes  very  much  in  its 
clinical  aspect.    The  following  is  the  report  of  the  case : 
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CASE  REPORT 

A.   B  20,  native  of  San  Francisco,  of  German  parentage,  newsboy,  came 

to  the  out-patient  clinic  in  January.  1912,  complaining  of  trouble  in  walking,  and 
cf  weakness. 

ily  History. — Father  and  mother  living  and  well.  The  mother  gave  no 
history  of  abortion  or  miscarriage.  The  patient  has  two  sisters  both  of  whom 
are  well.     An  examination  of  these  sisters  as  well  as  of  the  mother  presented  no 

-nee  of  the  disease  in  any  one  of  them.  The  father  was  not  examined,  but 
he  is  said  to  be  in  good  health:  and  there  was  no  history  of  a  similar  affection 
present  in  any  branch  of  the  family. 
nous  History. — The  birth  was  normal  and  the  infant  was  normal  in  every 
respect.  He  was  fed  at  the  breast  for  a  period  of  nine  months.  Dentition  com- 
menced at  five  months,  he  bei_ran  walking  at  13  months  and  began  to  talk  at  2 
vears  of  age.  He  had  measles,  whooping-cough  and  chicken-pox  between  the 
seventh  and  the  ninth  yea 

History. — The  present  trouble  began  seven  years  prior  to  this  report, 
when  he  was  seized  with  an  attack  of  general  weakness  and  loss  of  ambition. 
The  mother  thinks  the  illness  commenced  from  bathing  in  a  contaminated  swim- 
ming pool.  Other  children  in  the  vicinity  became  sick  from  this  same  cause  she 
thinks;  some  took  typhoid  fever  and  others  had  diphtheria.  At  the  onset  of  his 
trouble  fever  was  not  present  and  a  doctor  was  not  consulted  until  several  months 
later.  At  this  time  failing  strength  was  noticed,  which  first  began  in  the  legs 
and  extended  to  the  arm-  and  hands.  This  advanced  to  such  a  stage  that  be 
could  not  care  for  himself.  There  was  no  trouble  with  the  sphincters.  The  doctor 
whom  hq  consulted  prescribed  a  Kneipp  water  cure.  Patient  states  that  while 
under  this  treatment  he  improved  slowly  for  one  year.  After  1906,  the  patii 
condition  remained  about  the  Bame  until  September,  1911.  Bince  which  time  the 
trouble  has  become  worse.    The  principal  complaint  of  the  patient  is  that  the 

heavy  and  gel  tired  easily  and  thai  he  is  unsteady  on  his  feet.  He  never  has 
had  pain.  lie  has  difficulty  in  performing  the  finer  manipulations,  Buch  as  button- 
ing his  coal  and  tying  hi-  tie.  Writing  1ms  become  difficult  and  unsteady.  There 
is  no  disturbance  in  articulation  or  deglutition.  The  sphincters  function  normally. 
Sight  and  hearing  are  unaffected  and  the  mentality  has  in  no  wise  Buffered.    The 

eh  i-  Blow  and  measured,  but  the  mother  states  thai  this  1ms  always *been  bo. 
There  is  no  complaint  of  headache,  vomiting  or  dizziness.     The  appetite  is  pood. 

jtipation  is  apt  to  1"'  the  rule.  The  weight  has  not  varied  of  late;  there  i- 
no  cough  or  nighl  sweats.  Patienl  leads  a  very  quiel  moderate  life,  living  with 
nia  parents.     Denies  all  venereal  infection  and  dues  not  use  tobacco  or  indulge 

in   alcohol. 

is,  January  20,  1912. — A  fairly  well  nourished  young  man  below  the  aver- 

Weight    115%    pound-.       Pulse    78,    regular    and    of   good    volume  and 

tension.    The  face  •  Ballow  and  rather  bloated  appearance  with  puffiness 

aboul  the  eyes.  The  neck  is  very  broad  and  thick  set.  The  upper  lip  is  Bome- 
whal  projected,  the  labial  commissure  is  transverse  and  the  smile  i-  transverse. 
There  are  numeron  tboul  the  face.    The  -pine  show-  a  moderate  lateral 

scoliosis.     There  are  several  patches  of  pityriasis  versicolor  on  the  chest.    The 
lie  is  hypertrophied,  the  hypertrophj   being  of  the  entire  organ'and  also  <>f 
the  individual  papilla;  there  is  ;i  scattered  but  well-marked  exfoliating  dermatitis 
present,  Bhown  by  numerous  Blightly  elevated  patches  •with  a  fine  sinuous  border, 
ming  an  incomplete  ring.    These  patches  change  their  position  from  day  to  day. 
syphi  ■'  on  the  surface  of  the  body  or  In  the  naso- 

pharynx.    The  toi  enlarged.     There  la  no  noticeable  atrophy  of  any  of 

the  muscles.    Tier.-  i-  no  superficial  glandular  enlargement.    No  trembling  of  the 
band-.    The  strength  in  the  binds  i-  diminished.    Dynamometer  readings:  right 
hand  22  kg.,  lefl  band  22  kg.  (pressure).    The  power  In  the  arm-,  forearm-, 
and  thighs  la  fairly  well  conserved,  but  the  flexors  of  the  fool  are  decidedly  • 
while  th(  »"•  bo  affected.    The  walk  la  thai  of  the  Bteppag 

with  al  the  .-ana'  time  an  ataxia  and  1 rtain  Incoordination  and  Bwaying.     In 

menta  of  the  band-  and  of  the  feel   there  is  some  error  when 
-pen.  and  thia  la  much  -  when  the  eyes  are  closed,    'i 


Hypertrophic  interstitial  neuritis.  Transverse  section  of  a  superficial  nerve 
of  the  cervical  plexus  measuring  3.5  mm.  in  diameter.  Stained  by  van  Gieson's 
method.  The  individual  nerve  fiber  is  seen  surrounded  by  a  sheath  of  connective 
tissue  consisting  of  a  number  of  layers  disposed  concentrically. 
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is  some  adiadoclrokinesis  in  both  hands,  but  this  is  not  pronounced.  There  is  a 
distinct  Romberg,  but  no  asynergia  or  "mouvements  demesures"   (Babinski). 

Reflexes:  The  knee  jerks,  ankle  jerks  and  radial  reflexes  are  absent.  The 
triceps  reflex  is  present.  The  abdominal  reflexes  are  present  and  the  plantar 
reflex  is  in  flexion.  The  anal  and  cremasteric  reflexes  are  absent.  On  percussion 
of  the  muscles  the  muscular  reflex  is  everywhere  present. 

Sensibility:  The  sensibility  is  markedly  affected  in  the  extremities  but  not 
about  the  trunk.  The  sensibility  to  touch,  to  heat  and  cold,  and  to  pain  shows 
a  diminution  which  is  more  pronounced  at  the  periphery  of  a  member  than  at 
its  base.  The  deep  sensibility  is  likewise  affected.  The  pressure  sense,  sense  of 
position,  notion  of  the  position  of  the  segments  of  a  member,  including  the  muscu- 
lar and  articular  sensibility,  and  the  osseus  sensibility,  are  impaired.  There  is 
a  disturbance  of  the  stereognostic  sense.  Pallesthesia  as  tested  with  the  Luer  fork 
shows  perception  of  the  vibration  between  6  and  7  over  the  lower  radius  and 
ulna  and  5  plus  over  the  internal  malleolus — figures  considerably  below  the 
normal. 

Hypertrophy  of  the  nerves:  The  nerve  trunks  of  the  axilla,  the  ulnar  nerve  at 
the  bend  of  the  elbow,  superficial  branches  of  the  cervical  plexus,  cutaneous 
branches  on  the  dorsal  surface  of  the  forearms  and  the  external  popliteal  nerve 
are  markedly  hypertrophic  and  easily  palpable.  They  are  not  sensitive  to  pres- 
sure and  on  palpation  are  found  to  be  free  from  unevenness  and  may  be  rolled 
under  the  finger  like  a  sclerotic  artery.  The  ulnar  nerve  at  the  bend  of  the 
elbow  feels  about  the  size  of  a  large  goose  quill. 

Ulnar  Nerve  Reflex:  If  the  patient  be  placed  in  the  anatomical  position  with 
the  palms  of  the  hands  anteriorly  and  the  arm  be  percussed  above  the  olecranon 
at  the  inner  side,  a  brusque  movement  of  pronation  takes  place  due  to  the  per- 
cussion of  the  enlarged  ulnar  nerve  and  the  consequent  contraction  of  the  flexor 
carpi  ulnaris.     This  is  found  constantly  on  the  left  side. 

Cranial  Nerves:  The  pupils  react  well  to  light  and  accommodation,  are  equal 
in  size  and  regular  in  contour.  The  eye  movements  are  normal,  there  is  no  con- 
traction of  the  field  of  vision  and  no  nystagmus.  Report  from  the  eye  clinic: 
"Disks  pale  in  color  but  normal."  Taste  and  smell  are  normal.  No  anesthesia 
about  the  distribution  of  the  fifth  nerve  and  no  involvement  of  the  facial  nerve. 
Sense  of  hearing  is  acute  in  both  ears.  The  corneal  and  pharyngeal  reflexes  are 
both  present.  The  tongue  is  not  deviated  from  the  mid-line  but  there  is  a  slight 
trembling.     No  trouble  in  deglutition  or  articulation. 

Electrical  Reactions  of  the  Muscles:  The  electrical  reactions  of  the  muscles 
show  an  alteration  consisting  of  a  hypo-excitability  to  both  the  faradic  and  gal- 
vanic currents.  In  certain  muscles  an  incomplete  reaction  of  degeneration  is 
found.  Thus  in  the  extensor  communis  digitorum  and  the  extensor  longus  digi- 
torum  there  is  a  decided  slowing  of  the  contraction  to  the  galvanic  current  with 
inversion  of  the  formula :  ACC  being  greater  than  KCC.  In  the  trapezius,  deltoid, 
biceps,  triceps,  flexor  profundus  digitorum,  first  dorsal  interosseus  of  the  hand, 
biceps  femoris,  quadriceps  femoris,  tibialis  anticus  and  flexor  longus  digitorum 
there  is  no  inversion  but  a  slight  slowing  of  the  contraction,  not  so  marked  as 
in  the  case  of  the  extensors,  where  the  contraction  is  almost  vermicular. 

In  the  supinator  longus,  peroneii,  flexor  longus  hallucis,  extensor  pro- 
prius  hallucis,  semimembranosus;,  semitendinosus,  gastrocnemius  and 
soleus  the  contraction  is  quick.  In  every  case  the  faradic  excitability 
is  conserved. 

An  examination  of  the  heart,  lungs  and  abdomen  shows  normal  con- 
ditions. The  liver  is  not  enlarged  and  the  spleen  cannot  be  palpated. 
Over  the  body  generally  the  muscles  give  a  sense  of  increased  tonicity.  No 
fibrillary  twitchings  of  the  muscles  are  observed.  The  urine  shows  no 
albumin  nor  sugar  and  a  microscopical  examination  of  the  sediment  shows 
no  casts. 
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Blood:  Eed  cell  count.  4,350,000;  white  cell  count,  4,600.  Hemo- 
globin, 96  per  cent.;  color  index,  89  per  cent.  Differential  white  count, 
polymorphonuclear  leukocytes,  5S  per  cent.;  lymphocytes,  40  per  cent.: 
large  mononuclear  leukocytes,  2  per  cent.  Wassermann  reaction  in  the 
blood  negative. 

Microscopical  Examination  of  an  1  Nerve:   One  of  the  enh. 

superficial  cervical  nerves  was  excised  for  microscopical  examination. 
This  nerve,  which  was  visible  beneath  the  integument,  measured  3.5  nun. 
in  diameter  in  the  fresh  specimen.  Stained  sections  showed  the  typical 
picture  of  interstitial  connective  tissue  proliferation  about  the  individual 
nerve  fiber.  In  one  place  in  the  specimen,  not  pictured  in  the  illustration, 
there  is  a  proliferation  of  the  endoneurium  with  round-cell  infiltration. 
but  this  is  not  characteristic  of  the  general  appearance  of  the  sped 
The  following  is  the  report  of  the  pathologist,  Prof.  William  Ophiils: 

Cross  sections  through  the  nerve  show  a  moderate  fibrous  thickening  of  the 
perineurium.  There  is  also  in  places  quite  a  marked  round  cell  infiltration  of  the 
nerve  itself  with  diffuse  thickening  of  the  endoneurium.  Around  many  of  the 
nerve  fibers  the  Bheath  of  Eenle  is  thickened  which  has  led  to  the  formation  of 
concentric  masses  of  connective  tissue  around  them.  Diagnosis,  chronic  inter- 
.->  i  rophic  neuritis. 

TREATMENT 

Under  arsenic  in  the  form  of  Fowler's  solution  in  modei  -  and 

the  employment  of  the  constant  galvanic  current,  i  Me  impn 

ment  was  obtained.  It  is  probable,  however,  considering  the  chronic  and 
progressive  character  of  the  disease,  that  this  improvement  is  only  i 

ary;  but  H  y  extend  over  many  years  and  the  prognosis 

far  as  life  is  concerned  is  good. 

DISCUSSION 

'I  I  ■  beginning  i  :'  the  affection  in  childhood,  the  marked  hypertrophy 
of  tli£  nerves,  the  ataxia,  -  of  musculai  strength,  the  change  in 

character  of  the  electrical  muscular  reactii  marked  disturbanci 

the  sensibility  and  the  histo]  in  the  hypertrophied 

nerve  fiber  itself  establish  this  case  on  a  clinical  as  well 

•   ological  basis.    Thi  ntly  in  the  early  stages,  as  a 

number  of  symptoms  such  as  thi  atri  :  of  the  muscles,  Argyll  Robertson 
pupils  and  deformity,  which  may  develop  al  a  later  Btage,  are  now  absent. 
In  •  ectiorj  I  wish  to  emphai  early  and  great  hypertrophy  of 

ii'  i'\e  trunk-:  held  that  this  occurs  only  in  the  later 

the  condition  or  even  go  further  and  believe  thai  in  Qce 

of  a  marked  atrophy  the  nerve  trunk-  Btand  oul  more  prominently  and 
hypertrophied,  but  only  apparently  bo.     From  our  observa- 
tion oft  :  ;ii.-  liv]"  '  links  which  Bl  thai 

■:  in  two  other  cases  much  more  advam  as  to  believe  thai  it 

-  an  important  pari  in  the  clii  old  with  I 

■  have  to  i  Feci  ton. 
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THE     INFLUENCE     OP     EADITTM     AND     OF     ITS     DECOM- 
POSITION    PKODUCTS     ON     THE     FERMENTS* 
THOMAS  E.  BROWN,  M.D. 

BALTIMORE 

Recently  radium,  its  emanations  and  the  products  of  its  decomposition 
or  breaking-down  have  been  coming  more  and  more  into  consideration  as 
therapeutic  agents,  not  only  in  skin  diseases  and  diseases  with  cutaneous 
manifestations,  but  also  in  various  "internal  diseases"  of  the  most  diversi- 
fied nature,  especially  carcinoma  and  the  arthritides,  and  as  this  interest 
seems  distinctly  on  the  increase  and  there  seems  to  be  a  real  hope  that 
in  some,  at  least,  of  these  diseases  a  cure  may  be  obtained  by  this  means, 
it  would  seem  of  interest  to  know  the  exact  effect  of  certain  salts  or 
products  of  radium  on  those  substances  of  such  vital  importance  to  the 
body  metabolism  —  the  ferments. 

As  a  slight  contribution  to  this  subject  we  have  carried  on  a  series 
of  experiments  on  the  effects  of  Radium-Lead,  Radium  D,  E  and  F  from 
radio-active  ores,  and  Radium  D,  obtained  from  emanations,  on  certain 
of  the  ferments  of  the  body,  choosing  as  fair  examples  the  proteolytic 
ferment  of  the  stomach,  pepsin,  the  diastatic  ferment  of  the  pancreas 
and  the  so-called  autolytic  ferment  of  the  liver.  These  experiments 
have  been  done  in  vitro  and  are,  of  course,  open  to  the  criticism  which 
may  be  applied  to  all  such  experiments  when  one  attempts  to  apply  them 
in  vivo. 

It  will  be  remembered  that  radium  gives  off  three  kinds  of  rays, 
o,  /S  and  7,  radium  itself  giving  off  .r-rays  and  changing  into  gaseous 
emanations,  these  in  turn  giving  off  x-rays  and  changing  into  Radium  A, 
which  changes  into  Radium  B,  and  this  into  Radium  C,  giving  off  a,  /3 
and  7  rays;  the  Radium  C  changing  into  Radium  D,  and  this  in  turn 
after  giving  off  /3  and  7  rays  into  Radium  E,  which  finally  gives  off 
axrays  and  changes  into  Radium  F.  Radium  itself  lasts  many  years  — 
according  to  some  1,300  —  before  this  decomposition  takes  place,  the 
emanations  from  one  to  four  days,  while  in  Radium  A,  B  and  C  the 


*Manuscript  submitted  for  publication  May  20,  1912. 

*From  the  Experimental-Biological  Division  of  the  Pathological  Institute  of 
the  University  of  Berlin. 
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changes  take  place  very  rapidly  —  in  from  three  to  twenty-eight  minutes 
—  but  much  more  slowly  —  in  from  six  to  143  years  —  in  Radium 
D,  E  and  F.  By  means  of  the  electroscope  we  can  measure  the  gaslike 
radium  emanations  and  determine  their  amounts  in  certain  units  — 
Mache  units.  Besides  radium,  obtained  from  pitchblende,  we  have  other 
radio-active  substances  which  will  probably  find  subsequent  therapeutic 
iich  as  thorium  and  actinium. 

As  to  the  effects  of  radium  and  its  decomposition  products  on  the 
body-tissues,  the  skin  was  obviously  the  first  to  be  studied,  and  its  char, 
under  the  influence  of  radio-active  substances  are  well  known:  in  mild 
cases  we  will  find  redness  with  .-welling  and  pain,  but  a  return  to  the 
normal  in  about  two  weeks  :  in  moderate  cases,  the  format  inn.  in  addition, 
of  vesicles  healing,  but  with  atrophy,  in  from  four  to  six  months,  and  in 
severe  cases,  complete  necrosis  with  ulceration,  healing  and  sear  formation 
being  extremely  slow. 

As  regards  the  effect  of  radium  on  other  tissues,  azoospermia  can  be 
produced  in  animals  by  exposure  to  its  rays,  and  also  degenerative  cha] 
in  kidney,  spleen,  bone-marrow  and  intestinal  follicles,  as  well  as  ehan 
sometimes  very  grave,  in  the  central  nervous  system.    Bickel  and  Bergell1 

jested  that  the  efficacy  of  many  mineral  waters  might  be  due  to  the 
radium-emanations  which  they  demonstrated  in  the  waters  of  Wiesbaden 
and  of  other  spas,  this  probably  explaining  the  much  less  marked  effects 
produced  by  the  bottled  waters  than  by  those  drunk  directly  from  the 
source,  as  the  emanations  arc  rapidly  lost,  according  to  these  observers, 
in  forty-eighi  hours  at   i  -i.     They  also  showed  that  the  radio- 

active Wiesbaden-Kochbrunnen  activates  the  peptic  ferment  'of  the 
Btomach,  and  thus  counteracts  the  inhibiting  effect  of  the  Baits  themselves, 

shown  by  Schmidt.  Pfeiffer,  Walberg  and  others,  in  the  cat  "tain 

mineral   waters  which  have  losl   their   radium-emanations  by  standing. 
Rodari,  however,  showed  thai  radium-emanations  have  do  especial  influ- 
on  the  hydrochloric  acid  of  the  gasl  ric  juice. 

In  our  bi  riments  we  have  studied  the  influence  on  pepsin, 

pancreatic  diastase  and  the  autolytic  ferment  of  the  liver  of  the  follow- 
ing substances:  (l)  Radium-Lead  powder;  (2)  radio-active  ores  shaken 
up  with   wafer  and   with   had  chlorid    (l'h('L)    in  Solution   in  ^excess,  one 

containing  Radium  I'  with  a  very  Bmall  amounl  of  Radium  E,  and  being 
very  slightly  radio-active,  the  other,  containing  Radium  l>.  El  and  V. 
being  very  radio-active,  while  in  "in-  third  group  of  experiments  we  m  d 
Radium  I'  obtained  from  radium-emanations;  4,800  c.c.  of  ordinary  tap 
water  impregnated  with  50,1 Mache  unit-  being  evaporated  to  aboul 


1.  Bickel  and  Bergell:  Ztacbr.  f.  klin.  Med. 
f.  inn.  Med.,  wii.  I">7. 
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250  c.c.,  radio-activity  now  being  but  0.3  Mache  units  per  c.c. ;  i.  e., 
seventy-five  in  all. 

As  to  the  methods  employed  for  the  quantitative  determination  of 
the  pepsin  and  diastase,  but  a  few  words  are  necessary.  For  pepsin,  we 
used  the  edestin  method,  putting  into  each  of  a  row  of  tubes  2  c.c.  of  a 
0.1  per  cent,  solution,  made  with  hydrochloric  acid  of  the  acidity  of  30 
(decinormal  HC1  30  c.c,  distilled  water  70  c.c),  to  each  of  which  row 
of  tubes  we  had  previously  added  fresh  gastric  juice  (from  the  dog)  in 
decreasing  amounts,  0.5  c.c.  in  the  first,  0.25  c.c.  in  the  second,  0.125  c.c. 
in  the  third,  etc.,  bringing  up  the  amount  of  the  fluid  in  each  tube  to 
1  c.c.  with  hydrochloric  acid  of  acidity  equal  to  30,  as  at  this  degree  ( 
of  acidity  the  peptic  action  seems  to  be  at  its  optimum.  To  each  of  the 
tubes  we  then  added  a  certain  number  of  cubic  centimeters,  three  or  five 
of  the  solution  to  be  tested ;  to  another  row  of  tubes  of  the  same  number  of 
cubic  centimeters  of  the  control-fluid,  distilled  water,  or  evaporated  tap 
water  as  the  case  might  be;  the  tubes  were  tightly  corked,  kept  in  the 
thermostat  at  37.5  C.  for  twenty-four  hours,  and  then  tested  with  a  few 
cubic  centimeters  of  saturated  sodium  chlorid  (jSTaCl)  solution,  to  deter- 
mine by  the  white  precipitate  formed  in  which  tubes  edestin  still  remained 
undigested.  The  limit  of  digestion  was  expressed  in  units;  i.  e.,  the 
number  of  cubic  centimeters  of  0.1  per  cent,  edestin  solution  which  would 
be  completely  digested  by  1  c.c.  of  pure  gastric  juice. 

The  diastase  was  determined  by  the  Wohlgemuth  method,  5  c.c.  of  a 
1  per  cent,  starch  solution  being  placed  in  each  of  the  row  of  tubes  with 
pancreatic  juice  in  decreasing  amounts,  and  after  the  addition  of  a 
certain  amount  of  the  substance  to  be  tested  or  of  the  control-fluid, 
and  1  c.c.  of  toluol  to  each  tube  to  inhibit  bacterial  action,  the  tubes  were 
tightly  corked,  kept  in  the  thermostat  for  twenty-four,  forty-eight,  sev- 
enty-two or  ninety-six  hours,  and  then  tested  with  decinormal  iodin 
solution.  The  digestive  power  of  the  juice  was  again  expressed  in  units ; 
i.  e.,  the  number  of  cubic  centimeters  of  1  per  cent,  starch  solution  which 
would  be  completely  digested  by  1  c.c.  of  pure  pancreatic  juice.  In  these 
experiments  the  gastric  juice  was  obtained  absolutely  fresh  each  time 
from  a  dog  with  a  Pawlow  stomach,  while  the  pancreatic  juice,  of  which 
we  used  two  specimens  from  two  dogs,  had  been  obtained  a  little  while 
before  from  dogs  with  operative  pancreatic  fistulas,  and,  after  the  addi- 
tion of  toluol,  kept  in  flasks  tightly  corked  in  the  ice-chest  until  needed. 

Before  describing  the  method  used  for  the  estimation  of  the  splitting 
produced  by  the  aiitolytic  ferment  of  the  liver,  it  might  be  of  interest  to 
say  a  few  words  about  this  ferment. 

The  numerous  activities  of  that  organ,  so  important  in  the  inter- 
mediary metabolism  —  the  liver  —  are  intimately  connected  with  fer- 
ments ;  although  we  have  not  found  as  yet  the  ferment  for  every  metabolic 
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process  in  this  organ,  nevertheless  it  is  highly  probable  that  it  is  present. 
Among  the  ferments  already  found  in  the  liver  may  be  mentioned  a  fer- 
ment which  splits  polypeptids,  arginase  which  acts  in  the  formation  of 
urea,  a  nuclease,  a  diastase,  a  glycolytic  ferment,  several  oxydase-, 
katalase,  a  lipase  and  an  enterase;  according  to  Jacoby  these  ferments  are 
not  each  in  its  special  type  of  cell,  but  the  colloid  ferment-molecules  are 
in  one  and  the  same  cell,  although  definitely  separated  from  each  other. 

In  comparison  with  the  close  relationship  existing  between  the  liver 
and  the  metabolism  of  the  carbohydrates,  that  between  this  organ  and  the 
proteid  metabolism  is  comparatively  loose,  although  it  is  not  probable  that 
the  entire  protein  synthesis  has  taken  place  during  the  passage  of  the 
amino-acids  through  the  intestine  wall,  but  probably  a  part  goes  through 
unchanged  into  the  circulation  and  is  synthctized  in  the  liver  and  other 
organs.  In  1876  Salkowski-  brought  forward  the  view  that  the  splitting 
of  the  protein  in  the  organs  during  life  is  caused  by  intracellular  ferments, 
the  purin  bases  being  split  off  from  the  nucleoproteins  and  nucleinic 
acids.3  According  to  Neumeister  and  Jacoby  there  is  no  doubt  at  present 
of  the  constancy  of  these  autolytic  appearances  dependent  on  inhacellular 
ferments,  probably  specific  in  character.  Salkowski4  found  that  if  fresh 
liver  is  finely  cut  up  and  chloroform  water  added  to  prevent  bacterial 
decomposition,  protein  digestion  takes  place  in  considerable  amount.  In 
aseptic  autolysis,  Magnus-Levy"  found  lactic  acid,  acetic  acid,  butyric  acid 
and  carbon-dioxid  gas.  The  question  whether  the  autolytic  processes  are 
to  be  regarded  as  post-mortem  phenomena  or  whether  it  can  be  assumed 
that  they  play  a  r61e  during  life  is  still  under  jreal 

weight  of  opinion  is  in  favor  of  the  latter  view,  i.  e..  that  protein  can  be 
broken  down  in  the  liver  during  life  into  its  separate  constituents 

The  method  employed  by  us  to  determine  quantitatively  the  extent 
of  this  autolysis  was  practically  the  Bame  as  that  used  by  Salkowski  and 
was,  as  follows:  Thirty  gi  rery  finely  hacked  fresh  dog's  liver  was 

put  into  n  series  of  flasks,  into  each  of  which  50  c.c  of  the  fluid  to 

ted  "!•  of  the  control-fluid  with  0.5  c.c.  pure  chloroform  I  rtaiu 

weight  of  substance,  if  a  solid  was  used),  and  then  enough  freshly  and 
carefully  mad''  1   per  cent,  chloroform-water  added  to  make  (he  total 

amount  of  fluid  in  each  flask  300  C.C.     After  being  well  shaken  the  tl 

were  tightly  corked,  made  air-tighi  with  paraffin  and  plated  in  the  thermo- 
stat at  37.5  C.    At  the  end  of  twenty-four  and  forty-eight  hours, 
of  the  supernatant  fluid  was  pipetted  off  from  each,  the  corks  replaced 
and  the  flasks  again  made  air-tight,  while  at  the  end  of  seventy-two  hours 
in  certain  experiments,  ninety-sii  hours  in  others,  •"•ll  c.c.  of  the  fluid 


■  i.  deutsch.  ebem.  Qesellsch.,  1896,  7l!>. 
Ztacbr.  f.  klin.  Med.,  1891,  wii.  Buppl.  p.  79. 
•t.  Salkro  j1  i :    Peat  schr.  f.  Leyden,  1891. 
.-..  Magnus  Levy:  Beitr.  /.  chem.  Phya.  u.  Path.  (Hoffmeister),  1902,  LI,  261. 
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was  filtered  off,  as  the  experiment  was  then  at  an  end.  The  50  c.c.  of 
fluid  was  treated  as  follows :  One  gram  of  potassium  phosphate  (K,P04) 
was  added,  the  fluid  was  boiled  for  three  minutes  and  then  filtered,  and 
enough  distilled  water  added  to  the  filtrate  to  bring  it  up  to  50  c.c. ; 
from  10  c.c.  of  this  the  nitrogen  was  determined  by  the  Kjeldahl  method. 
If  the  portions  of  50  c.c.  each  in  the  same  experiment  are  put  in 
small  flasks  of  exactly  the  same  size  and  shape,  kept  in  boiling  water 
in  the  water-bath  for  exactly  the  same  length  of  time  (five  minutes,  for 
example)  and  filtered  through  filter  papers  and  funnels  of  precisely  the 
same  dimensions,  it  will  not  be  necessary  to  bring  up  the  last  filtrate 
to  50  c.c.  with  distilled  water,  and  a  slight  source  of  possible  error  will 
be  eliminated. 

EXPERIMENTS 

Our  experiments  were  made  as  follows : 

A.  With  Radium-Lead — 

Autolytic  Experiments. — Two  control  experiments,  two  experiments  with 
.00465  gr.  Radium-Lead  in  each  flask,  1  with  .0093  gr.  Eadium-Lead 
twenty-four,  forty-eight  and  ninety-six  hours. 

B.  With  "Radium  D    (E)    and  Radium  D,  E,   F,  obtained  by  shaking  up   radio- 

active ores  with  water,  with  lead  chlorid   (PbCL)    in  excess. 

1.  Autolytic   Experiments, — One    control   with    distilled   water    (50    c.c.) 

one  experiment  with  saturated  PbCL  solution  (50  c.c.)  ;  two  with 
the  very  slightly  radio-active  Radium  D  (E)  (50  c.c);  two  with 
markedly  radio-active  Radium  D,  E,  F  (50  c.c),  twenty-four,  forty- 
eight  and  seventy-two  hours. 

2.  Diastase  Experiments. — One  series  of  twenty-four  hours  with  5  c.c.  of 

distilled  water,  saturated  PbCL  solution,  Radium  D  (E)  and 
Radium  D,  E,  F;  two  series  of  forty-eight  hours,  and  one  of  ninety- 
six  hours. 

3.  Pepsin  Experiments. — One  series  with  5  c.c.  of  distilled  water,  saturated 

PbCl2  solution,  Radium  D  (E)  and  Radium  D,  E,  F;  one  series — 
the  same  without  the  distilled  water  control;  one  series — the  same 
as  the  first  but  with  3  c.c.  of  fluid  in  each  tube. 

C.  With   Radium  D,  obtained  by  evaporating  4,800   c.c.   of  ordinary  tap  water 

impregnated  with  50,000  Mache  units  of  radium  emanations  to  about  250 
c.c,  the  radio-activity  by  this  being  reduced  to  75  Mache  units  in  the  entire 
quantity  of  fluid,  and  as  control  4,800  c.c.  of  ordinary  tap  water  evaporated 
to  about  300  c.c.  (radio-activity=0) . 

1.  Autolytic    Experiments. — Control      (50    c.c),     one     experiment     with 

Radium  D  (50  c.c.)  ;  one  control  and  one  experiment  using  only  12 
gm.  of  liver  in  each  flask,  50  c.c  of  control  water  and  Radium  D 
water  and  chloroform  water  to  120  c.c. 

2.  Diastase  Experiments. — One  series  of  twenty-four  hours,  two  of  forty- 

eight  hours,  and  two  of  ninety-six  hours  with  5  c.c.  of  Radium  D 
and  control-water;  one  series  of  forty-eight,  one  of  seventy-two  and 
one  of  ninety-six  hours  with  3  c.c;  one  series  of  twenty -four  and 
one  of  forty-eight  hours,  with  5  c.c  of  distilled  water,  unfiltered  con- 
trol-water and  filtered  control-water. 

3.  Pepsin  Experiments. — One  series  with  5  c.c  of  Radium  D  and  of  the 

control-water. 
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A  consideration  of  the  figures  and  the  appended  tables  will  justify 
us  in  drawing  the  following  conclusions : 

In  regard  to  the  autolytic  ferment  of  the  liver,  none  of  the  substances 
used,  Radium-Lead,  Eadium  D  (E)  and  Eadium  D,  E,  F,  from  radio- 
active ores  or  Eadium  D  from  the  emanations,  had  any  effect  whatever, 
the  figures  of  the  experiments  and  of  the  control  being  practically  iden- 
tical; the  higher  figures  with  lead  chlorid  solution  than  with  distilled 
water  suggest  that  this  salt  may  have  a  distinctly  activating  effect  on 
autolysis,  and  we  hope  subsequently  to  study  more  thoroughly  the  influ- 
ences of  this  and  other  salts  of  the  heavy  metals  on  this  most  interesting 
type  of  ferment  action. 

As  regards  the  diastatic  ferment,  with  Eadium  D  (E)  and  Eadium 
D,  E,  F  from  radio-active  ores,  the  former  —  very  slightly  radio-active  — 
had  practically  the  same  effect  as  the  control  —  the  saturated  solution  of 
lead  chlorid,  while  the  very  radio-active  Eadium  D,  E,  F  had  a  marked 
inhibiting  effect ;  in  all  these  fluids  with  lead  chlorid  in  solution  in  excess, 
the  ferment-action  was  distinctly  inhibited  as  compared  to  the  action  of 
distilled  water.  With  Radium  D  obtained  from  the  emanations  compared 
to  evaporated  tap  water  (markedly  alkaline  in  this  case),  each  containing 
considerable  sediment  and  quite  a  large  amount  of  salts,  as  in  each  case 
4.800  c.c.  of  ordinary  tap  water  was  evaporated  to  about  300  c.c,  most 
of  the  experiments  showed  that  tin-  Radium  D  obtained  in  this  way  had 
;i  stimulating  effect  on  the  diastase,  this  being  more  marked  the  longer 
the  tubes  were  allowed  to  remain  in  the  thermostat  and  the  greater  the 
amount  of  fluid  used.  A  comparison  between  the  evaporated  water,  rich 
in  Baits  and  sediment,  ami  distilled  water  showed  that  the  former  had  a 
markedly  stimulating  effect  on  diastase,  this  activation  being  due  to  the 

I  ion  ami  oof   to  the  sediment. 
A-    regards   pepsin,  with   respect   to   Radium   D    (E)    ami    Radium 
D,  B,  F  each,  of  course,  with  lead  chlorid  presenl  in  excess,  the  radium 
preparations  Bhowed  n  Blighl  inhibiting  effed  as  compared  to  the  satu- 
ed  Nad  chlorid  Bolution,  this  being  more  marked,  with  the  very  radio- 
active   Radium    1'.    K.    I";   a   comparison   between   distilled   water   and 
irated  lead  chlorid  solution  Bhowed  thai  the  Latter  had  a  marked  inhib- 
fed  on  pepsin,  jusl  the  op  if   it-  effed  on  autolysis.    The 

tits  with  Radium  I'  obtained  from  the  emanations  were  inconclusive, 
due  p.  the  lack  of  material,  bul  the  one  experimenl  performed  seemed  to 
-t  that  the  effed  was  slightly  inhibitory. 

l;i  C  LPITULA  I 

Thus,  to  recapitulate,  none  of  the  radium  preparations  used  Beemed  to 
have  any  effed  on  the  autolytic  fermenl  of  the  liver,  although  saturated 
lead  chlorid  Bolution  appeared  to  activate  it ;  with  diastase  the  very  radio- 
active Radium  I '.  E,  I  ed  an  inhibiting  effect,  while  the  Radium  1 1 
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from  emanations  had  a  stimulating  effect,  this  increasing  with  the  length 
of  time  and  the  amount  of  fluid  used,  while  this  ferment  is  also  markedly 
activated  by  the  salts  in  evaporated  tap  water;  with  'pepsin  we  found  a 
slight  inhibiting  effect,  more  marked  with 'the  very  radio-active  Radium 
D,  E,  F,  although  slight  in  comparison  with  the  inhibiting  effect  of 
saturated  lead  chlorid  solution. 

The  detailed  figures  of  the  experiments  follow. 

Tables  fob  the  Action  of  Eadium  and  Its  Decomposition  Tboducts  on  the 
Febments    (Autolytic  Febment  of  Liveb,  Diastase,  Pepsin) 

A.  Experiments  icith  the  Autolytic  Ferment  of  the  Liver 

First   Series   of  Experiments   with   Radium-Lead    (Radium-Blei) 

Liver,     Chloroform-Water 

gm.  c.c. 

1 30  300  (Control) 

II 30  300  (Control) 

III 30  300  .00465  gm.  Radium-Lead 

IV 30  300  .00465  gm.  Radium-Lead 

V 30  300  .0093    gm.  Radium-Lead 

Results  (Expressed  Both  in  c.c.  of  N/10  NaOH  and  in  Nitrogen) 

After  24  Hours 
I.   3.46  c.c.    (.004858  gm.) 
II.   3.25  c.c.    (.004565  gm.) 

III.  3.43  c.c.    (.004S18  gm.) 

IV.  3.13  c.c.    (.004397  gm.) 
V.    3.12  c.c.    (.0043S0  gm.) 

Second  Series  of  Experiments  with  Radium  D  (E)  and  Radium  D,  E,  F,  Obtained 
from  Radio- Active  Ores  with  Lead  Chlorid   (PbCL)  in  Solution  in  Excess 

Liver,    Chloroform-Water 

(Control) 
.50  c.c.  sat.  Pb.  Cl2  sol.  .5  c.c.  CHC13 
.50  c.c.  Radium  D    (E)    sol.  .5  c.c.  CHC13 
.50  c.c.  Radium  D    (E)    sol.  .5  c.c.  CHC13 
.50  c.c.  Radium  D,  E,  F,  sol.  .5  c.c.  CHC13 
VI 30  250  .50  c.c.  Radium  D,  E,  F,  sol.  .5  c.c.  CHC13 

Results  (Expressed  Both  in  c.c.  of  N/10  NaOH  and  in  Nitrogen) 

After  24  Hours  After  48  Hours  After  72  Hours 

I.       7.2  c.c.    (.01008  gm.)  8.24  c.c.    (.01154  gm.)        10.82  c.c.    (.01515  gm.) 

II.      10.7  c.c.    (.01498  gm 

III.  11.3  c.c.    (.01582  gm 

IV.  11.4  c.c.    (.01596  gm 
V.      10.9  c.c.    (.01526  gm 

VI.      10.6  c.c.    (.01484  gm 


After  48  Hours 

After 

96  Hours 

6.33  c.c.    (.008887  gm.) 

9.03  c.c. 

(.012678  gm.) 

6.51  c.c.    (.009140  gm.) 

8.93  c.c. 

(.012538  gm.) 

5.83  c.c.    (.008185  gm.) 

8.33  c.c. 

(.011696  gm.) 

6.7     c.c.    (.009407  gm.) 

9.24  c.c. 

(.012973  gm.) 

6.44  c.c.    (.009042  gm.) 

9.2     c.c. 

(.012917  gm.) 

gm. 

c.c. 

I 

30 

300 

II 

30 

250 

Ill 

30 

250 

IV 

30 

250 

V 

30 

250 

)  12.4  c.c.  (.01736  gm.)  15.7  c.c.  (.02198  gm.) 

)  13.9  c.c.  (.01946  gm.)  16.0  c.c.  (.02240  gm.) 

)  12.9  c.c.  (.01806  gm.)  15.6  c.c.  (.02184  gm.) 

)  12.2  c.c.  (.01708  gm.)  15.7  c.c.  (.02198  gm.) 

)  12.6  c.c.  (.01764  gm.)  16.4  c.c.  (.02296  gm.) 


Third  Series  of  Experiments  with  Radium  D  Obtained  from  Emanations 

Control  Water  4800  c.c.  of  ordinary   (tap)   water  evaporated  to    (about)    300 
c.c;  radio-activity  =0. 
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Radium  D  Water  4S00  c.c.  of  ordinary  (tap)  water  with  50.000  Maclie  units 
evaporated  to  250  c.c.  Radio-activity  of  1  c.c.  (after  evaporation)  =.3  Maclie 
unit,  i.  e.,  75  Maclie  units  in  the  250  c.c. 

Liver 


gm 

I.  .. 

...  12 

II.  .. 

...30 

III.  ... 

...12 

IV.  ... 

...30 

Control  Water  50  c.c.  CHC13  .5  c.c. 

Control  Water  50  c.c.  CHC13  .5  c.c. 
Radium  D  Water  50  c.c.  CHC13  .5  c.c. 
Radium  D  Water  50  oa  CHC13  .5  c.c. 


Chloroform 

Water,  c.c. 

70 

250 

70 

250 


Results  (Expressed  Both  in  c.c.  of  X  10  XaOH  and  in  Nitrogen) 


After  48  Hours 
S.59  c.c.    (.01203  gm.) 
1.01106  gm.) 


After 


.9     c.c.    (, 


9.05 
10.8 
10.28 
11.2 


c.c. 
c.c. 
c.c. 
c.c. 


72  Hours 
(.01393  gm.) 
(.01512  gm.) 
(.01439  gm.) 
(.01568  gm.) 


After  24  Hours 

I.  4.95  c.c.    (.00693  gm.) 

II.  5.4     c.c.    (.00756  gm.) 

III.  4.98  c.c.    (.00697  gm.) 

IV.  5.1     c.c.    (.00714  gm.) 

B.   Experiments  with,  Diastase 

Second  Series  of  Experiments  with  Radium  D  (E)  and  Radium  D,  E,  F,  Obtained 
from  Radio-Active  Ores  with  Lead  Chlorid  (Pb  CL)  in  Solution  in  Excess 

Substance  Used  Diastase  in  Starch  Unit- 

In  24  Hours    In  48  Hours    In  96,  Hours 

distilled  H.0  2560  2560  2500 

Pb  Cl2  solution  (Sat.)    1280  1280  12S0 

Radium  D  (E)   water 1280  1280  1280 

Radium  D,  E.  F,  water 320  320  '  320 


(a) 


(b) 


5  c.c. 
5  c.c. 
5  c.c. 
5  c.c. 

5  c.c. 
5  c.c. 
5  c.c. 
5  c.c. 


distilled  water   

Pb  Cl2  solution  (Sat.)  . 
Radium  D  ( E)  water  .  . 
Radium  D,  E,  F,  water 


1280 

640 

640 

80 


160 


Second  Series  of  Experiments  with  Radium  D  Obtained  from  Emanations   (See 
Under  Autoly tic  Experiments) 


(a) 


(b) 


(c) 


(d) 


5  c. 

5  c. 

5  c. 

5  c. 

S  c 

3  c. 

3  c 

B  ft 

5  c 


Substance  Used  Diastase  in  Starch  Units' 

In  24       In  48       In  72  In  96 

Hours      Hours      Hours  Hour-; 

c.  shaken,  evaporated  water 2560  2560  2660 

c.  shaken  Radium  D  water 3840         5120  10240 


e.  shaken,  evaporated  water 
c.  shaken  Radium  D  water  . 


o.  shaken  evaporated  water 
c.  shaken  Radium  1)  water  . 
c.  distilled  water    


c.  shaken  evaporated  water 2660 

c.  filtered  evaporated  water  2660 

,c.  distilled   water    640 


2560 

2560 

5120 

10240 

1 920 

1920 

2660 

2660 

2560 

2660 

640 

640 

640 

2560 

2560 

640 

c.   I  i  p<  i  intents  with  Pi  pain 

J'ii-t  Beriee  oi  Experiment*  with  Radium  I)  (E)  and  Radium  n.  E,  P,  Obtained 
from  Radio-Active  Ore*  with  Lead  <  blorid  (Pb  <  lt)   In  Solution  in  Exc 

Pepsin  in  Kdcstin  Units  After 
(a)  Substanc     i  24  Bonn  In  Thermostat 

r>  e.e.  distilled  water  64,000 

6  c.c.  Pb  CI,  solution   (sat.)   12,000 

e,  Radium  i>  (E)  water s.ono 

5  e.e.  Radium  I>.  E.  F,  water  4,000 
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Pepsin  in  Edestin  Units  After 
Substance  Used  24  Hours  in  Thermostat 

(b) 

5  c.c.  Pb  Cl2  solution   (sat.)    12,000 

5  c.c.  Radium  D   (E)  water   4,000 

5  c.c.  Radium  D,  E,  F,  water 3,000 

(c) 

3  c.c.  distilled  water  32,000 

3  c.c.  Pb  Cl2  solution  ( sat. ) 12,000 

3  c.c.  Radium  D  (E)  water 8J000 

3  c.c.  Radium  D,  E,  F,  water 8,000 

Second  Series  of  Experiments  with  Radium  D  from  Emanations    (See  Autolytic 

Experiments ) 

Pepsin  in  Edestin  Units  After 
Substance  Used  24  Hours  in  Thermostat 

5  c.c.  shaken  evaporated  water 8,000 

5  c.c.  shaken  Radium  D  water 6,000 


PATHOLOGICAL    DEVIATIONS     IX    THE     CHEMISTRY    OF 

UREMIC    BLOOD* 

XELLIS    B.    FOSTER,    M.D. 
m:\v  YORK 

The  two  theories  of  uremia  that  claim  most  attention  at  the  present 
time  are  the  toxemic  and  what  may  be  called  terminal  state — the  idea 
that  this  condition  is  not  a  pathological  unity  at  all  but  a  final  dissolu- 
tion. The  latter  conception  is  founded  more  on  the  failures  of  research 
to  elucidate  a  specific  etiological  factor  than  on  the  lack  of  a  clear-cut 
clinical  picture.  Since  this  idea  cannot  be  tested  by  investigation,  it 
demands  no  special  consideration.  The  hypothesis  that  uremia  is  a  toxic 
state,  however,  has  much  in  its  favor  by  way  of  analogy,  and  has  become 
more  or  less  rooted  in  our  minds  because  of  the  men  who  have  sanctioned 
this  theory  in  one  form  or  another. 

As  to  the  nature  of  the  toxic  agent,  the  ideas  advanced  may  be  subdi- 
vided under  two  heads,  depending  on  whether  the  toxic  material  is  sup- 
posed to  be  a  normal  catabolic  product  retained  in  the  body  through  renal 
failure  to  eliminate  it,  or  whether  this  toxic  substance  is  conceived  to  be 
the  product  of  a  perverted  metabolism  incident  to  renal  deficiency.  The 
earlier  investigators  naturally  advanced  the  "retention"  theory.  Babing- 
ton,  working  with  a  ease  of  uremia  under  the  care  of  Bright,  and  Christ  i- 

.  both  noted  the  abnormally  high  urea  content  in  the  blood  and 
attached  peculiar  significance  thereto.  Likewise  other  Bubstances  known 
to  occur  in  urine,  creatinin,  uric  acid,  etc..  when  found  in  the  blood  in 
uremia,  were  called  on  to  account  for  tie'  uremic  Byndrome. 

Imhis  conceptions  Frericl  ted  from  the  traditional  ideas,  inas- 

much as  he  l ii  not  the  area  it-elf,  hut  a  Bubstance  Formed  from  urea 

through  ferment  action,  to  he  the  cause  of  symptoms.    This  was  the 

that  the  .an-.-  of  uremic  intoxication  depended  aol  on 
retained  Bubstances,  bul  on  a  product  of  perverted  metabolism. 

Nearly  all  of  the  later  investigations  on  uremia,  with  tl 
sibly  of  that  of  Bouchard,  have  been  directed  toward  the  discovery  of 
some  product  of  abnormal  metabolism  which  might  account  for  tie-  ner- 
vous   manifestations    found    in    uremia.      Estimations    of    ••retention" 
nitrogen  and  ons  therefrom  have  been  confined  in  the  main  to 

realm  of  diagnosis  ami  pi  i 


•From  the  medical  of  the  New  v„ rk   Hospital  and  (lie  Laboratory  of 

Biological   Chemistry,   Columbia    University,   at    the  College  of    Physicians  and 

ii-.  New  J 
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Since  the  toxemic  theory  of  uremia  rests  at  present  on  no  demon- 
strated facts,  it  seems  desirable  to  examine  the  changes  found  in  the 
blood  with  a  view  of  ascertaining,  in  the  first  place,  in  how  far  these 
deviations  from  normal  are  explicable  by  pure  renal  failure ;  and,  secondly, 
any  evidence  of  disordered  metabolism. 

From  the  chemical  point  of  view,  blood  plasma  may  be  regarded  as  a 
solution  of  various  crystalloids  holding  in  suspension  a  number  of  col- 
loids. The  latter  are  various  protein,  lipoid  and  carbohydrate  substances, 
while  the  crystalloids  consist  of  both  inorganic  and  organic  substances. 
Relative  to  these  organic  crystalloids  it  has  been  repeatedly  shown  that 
with  some  of  them  at  least  there  is  a  quantitative  increase  in  the  majority 
of  uremic  bloods.  Qualitative  deviations  from  the  normal  have  been 
claimed  by  some  investigators,  but  are  not  accepted  as  conclusive  for  tech- 
nical reasons.  If  it  were  a  demonstrated  fact,  however,  that  in  uremic  blood 
there  exists  some  qualitative  change  in  the  content  of  organic,  non- 
protein compounds,  this  fact  would  be  of  weight  in  showing  an  abnormal 
cellular  metabolism.  With  purely  quantitative  changes,  however,  the 
interpretation  would  be  more  difficult.  Likewise  decided  changes  in  the 
colloids,  or  the  presence  of  an  abnormal  colloidal  substance,  could  hardly 
be  regarded  in  any  light  other  than  fundamentally  metabolic.  Since  any 
fact  that  could  be  demonstrated  relative  to  abnormal  proteins  might  be 
conclusive,  this  point  was  investigated  first,  although  demonstration 
seems  almost  impossible  in  the  present  state  of  our  knowledge.1 

The  chaotic  state  of  knowledge  relative  to  the  proteins  m  blood  is 
dependent  primarily  on  the  fact  that  there  is  no  unanimity  of  opinion 
among  chemists  as  to  methods.  In  the  first  place,  sufficient  attention  has 
not  been  accorded  to  the  collection  of  samples  for  analysis.  Defibrinated 
blood  (plasma),  serum  and  unclotted,  centrifugalized  blood  have  been 
indifferently  used,  with  corresponding  discordant  results.2  Even  when 
the  same  materials  have  been  employed  results  differed. 

That  data  obtained  by  using  serum  expressed  from  clotted  blood  can 
give  no  idea  of  actual  conditions  in  circulating  blood,  has  been  pointed 
out  by  Porges  and  Spiro.3  In  the  separation  of  globulin  from  albumin, 
two  methods  have  been  commonly  employed :  saturation  with  magnesium 
sulphate  as  advised  by  Hammarsten  and  Hoffman,  and  half  saturation 
with  ammonium  sulphate.  As  to  the  relative  merits  of  these  two  pro- 
cedures there  are  two  general  opinions.  Against  magnesium  sulphate  it 
has  been  asserted  that  this  salt  precipitates  not  only  globulin,  but  a 
fraction  of  the  albumin  also.4 


1.  See  papers  of  E.  Freud  and  E.  Abderhalden  relative  to  albmnose  in  dog 
blood.     Biochem.  Ztschr.,  1908,  vii,  viii,  ix,  x  and  xi. 

2.  Hoffman:   Arch.  f.  p.  Path.  u.  Pharm.,  1883,  xvi,  183. 

3.  Porges  and  Spiro:  Beitr.  z.  chem.  Physiol,  u.  Path.,  1902,  iii,  277. 

4.  Heynsius:   Arch.  f.  d.  ges.  Physiol.,  1884,  xxxiv,  330;  Marcus:   Ztschr.  f. 
physiol.  Chem.,  1889,  xxviii,  559. 
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On  the  other  hand,  objections  have  been  made  to  the  use  of  ammonium 
sulphate  as  a  reagent.  Wiener  contends  that  other  proteins  than  globulin 
are  thrown  down  by  half  saturation  unless  the  serum  be  much  diluted.5 
It  appears  that  if  the  serum  be  successively  diluted  and  half  saturated 
with  ammonium  sulphate,  less  protein  is  precipitated  than  when  undiluted 
serum  is  used.  This  difference  may  amount  to  20  per  cent.  Haslam8 
believes  that  one-half  saturation  with  ammonium  sulphate  does  not 
remove  all  of  the  globulin  from  serum,  since  further  saturation  effects 
the  precipitation  of  a  protein  substance,  which  on  dissolving  in  water,  is 
precipitated  by  half  saturation.  This  phenomenon  is  strongly  suu'irestive 
of  "denaturation."  Even  less  than  half  saturation  of  serum  witli 
ammonium  sulphate  is  sufficient  to  precipitate  completely  all  globulins 
in  the  opinion  of  Kander.7  In  view  of  this  disparity  of  opinion  regarding 
a  simple  separation,  it  would  seem  a  hopeless  undertaking  to  demonstrate 
the  presence  or  absence  of  any  protein  substance  that  serum  may  contain, 
and  in  this  paper  no  claim  is  made  for  the  individuality  of  such  sub- 
stances. That  question  has  been  avoided,  to  some  degree  a1  Least,  as  the 
results  are  comparative.  Normal  bloods  were  subjected  to  the  same  pro- 
cedures as  pathological  bloods,  and  in  some  cases  differences  in  behavior 
are  recorded. 

TECIIN'IC 

Since  some  of  the  proteins  in  blood  are  rendered  insoluble  in  water  after 
contact  with  alcohol  this  fact  was  utilized  aa  the  first  step  in  the  method;  200  c.c. 
of  citrated  blood  were  thoroughly  mixed  by  Bhaking  with  600  c.c.  of  alcohol  (95 
percent.,  redistilled  with  calcium  hydrate).  After  standing  for  twenty-four  hours 
the  alcoholic  liquid  was  filtered  off  with  a  suction  pump.  leaving  a  granular 
material  in  the  filter.  This  precipitate  was  then  BUSpended  in  400  c.c.  of  distilled 
water,  thoroughly  mixed  with  toluol  as  a  preservative,  lei  Btand  in  a  stoppered 
flask  for  twenty-four  hours,  a'  tin'  end  of  which  time  the  extract  was  filtered  off 
and  the  Blightly  reddish,  translucent  filtrate  collected.  The  filtrate  contained 
considerable  protein  which  wis  in  pari  removed  by  bringing  the  liquid  to  a  boil 
and  filtering.  This  last  filtrate  was  saturated  while  still  warm  with  ammonium 
sulphate,  which  caused  a  further  precipitation  of  protein-like  flakes.  After 
standing  for  twenty-four  hours  tin-  protein  :iih1  some  exceBS  of  ammonium  sulphate 
were  removed  by  filtration  and  the  filtrate  free,]  from  tin-  precipitating  agent  by 
ine;iris  of  barium  carbonate.  The  final  filtrate  after  this  procedure  was  water- 
clear  am!  this  was  evaporated  t"  :i   -null  volume   (about  25  C.C.)   on  the  water-hath. 

This  method  was  carried  out  on  two  samples  of  normal  human  blood,  ami  three 
samples  of  blood  from  uremic  patie 

.  In  the  case  "f  two  of  the  uremic  bloods  the  final  filtrate  gave  faint  hut  distinct 
biuret  reactions.  An  endeavor  was  then  made  to  precipitate  any  protein  still  in 
solution  by  adding  nun  e.c.  of  absolute  alcohol.     At   firsl  do  change  was  notable 

but  in  <he  course  of  an  hour  the  material  had  taken  on  a  milky  appearance  and  by 


5.  Wiener:  Ztschr.  f.  physiol.  Chem.,  1911,  sxxiv, 

6.  Haslam:  Jour.  f.  Physiol.',  1904,  \\\ii.  267. 

7.  Kander:    Areh.    f.   e\per.    Path.   U.    I'harm..    1886,   \\.    111. 

h.  Much  more  of  tie-  excess  of  ammonium  sulphate  mighl  have  been  precipi- 
tated with  alcohol  at  this  point,  ami  the  eoi titration  of  liberated  amnion! 

siderably  reduced,  although   it    i^  unlikely   that   the  evolved  ammonia   had  any 
material  effed  on  tin-  products. 
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the  next  day  a  small  amount  of  white  precipitate  collected  on  the  bottom  of  the 
beaker  leaving  a  clear  fluid.  This  precipitate  was  filtered  off  and  redissolved  in 
water. 

The  watery  solution  gave  the  following  reactions:  Potassium  mer- 
curic iodid  and  hydrochloric  acid  caused  a  turbidity,  as  did  also  phos- 
photungstic  acid  and  Millon's  reagent.  Tannic  acid  gave  a  small  amount 
of  slightly  brownish  precipitate.  The  Hopkins- Cole  reaction  was  nega- 
tive. Trichloracetic,  chromic  and  phosphomolybdic  acids  failed  to  cause 
change.  These  reactions  were  concordant  with  two  samples  of  uremic 
blood.  With  the  third  sample  and  with  two  normal  bloods  there  was  no 
precipitation  whatever  with  absolute  alcohol. 

An  attempt  was  made  with  other  samples  to  rid  the  solutions  of 
ammonium  sulphate  by  dialysis,  but  it  was  found  that  the  substance  in 
question  was  lost  in  this  way.  That  the  substance  is  readily  diffusible  was 
demonstrated  on  a  small  portion  of  the  alcohol  precipitate.  After  twenty- 
four  hours'  dialysis  in  a  collodion  sack,  nothing  could  be  recovered. 

In  addition  to  the  investigation  of  human  bloods,  dog  blood  was 
studied ;  one  normal  and  one  sample  from  a  dog  whose  renal  arteries  had 
been  ligated  forty-eight  hours  before  the  sample  was  collected.  Both 
samples  failed  to  yield  any  protein-like  substance  after  the  above 
treatment. 

The  results  above  recorded  are  not  conclusive  as  to  presence  of  a  pecu- 
liar protein  in  uremic  blood,  and  by  the  methods  now  known  any  result 
could  not  escape  the  criticism  that  the  protein  substance  recovered  might 
have  been  produced  in  the  process  of  isolation. 

NON-COLLOIDAL   NITROGEN 

The  consideration  accorded  to  the  non-colloidal  nitrogen  in  uremic 
blood  has  been  mainly  from  the  clinical  aspect,  although  it  should  be 
possible,  pi'ovided  suitable  methods  are  employed,  to  disclose  a  deeper 
significance  in  the  relative  distribution  of  the  nitrogen  fractions.  The 
method  that  has  been  most  used  in  the  past  for  the  separation  of  the 
blood  proteins  as  a  preliminary  to  determining  the  "filtrate"  nitrogen  is 
that  of  precipitation  by  means  of  alcohol.  This  method  was  employed 
in  a  preliminary  series  in  order  to  learn  something  of  the  nature  of  the 
fractions  composing  the  total  alcohol-soluble  nitrogen.  The  technic  was 
to  precipitate  the  proteins  of  blood  by  the  addition  of  four  volumes  of 
alcohol.  Aliquot  parts  of  this  filtrate  were  used  for  the  separate 
determinations. 

The  results  of  analyses  recorded  in  Table  1  require  perhaps  a  word  of 
comment  as  to  their  clinical  moment.  It  has  been  quite  positively  asserted 
and  with  equal  conviction  denied  that  the  "filtrate"  nitrogen  is  signifi- 
cant, both  in  diagnosis  and  prognosis.  A  glance  at  Table  1  indicates 
that,  in  general,  there  is  a  very  considerable  increase  in  the  amount  of 
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"filtrate'5  nitrogen  in  the  nephritis  patients  who  are  sufficiently  sick  to 
seek  hospital  aid.  This,  however,  is  not  an  invariable  rule,  and  is  no1  to  be 

regarded  as  pathognomonic,  since  there  are  exceptions  wherein  very 
severe  cases  show  an  approximately  normal  figure  for  the  "filtrt 
nitrogen.  Conversely,  it  has  been  observed  that  high  "filtrate"  nitrogen 
occurs  with  other  diseases  than  nephritis,  for  example,  some  valvular 
s  and  pneumonia.  This  does  not  vitiate  all  value,  but  indicates  that 
the  results  must  be  interpreted  in  the  light  of  the  whole  clinical  picture. 

Table  1. — Showing  Axcohol-Soltjbie  Nitbogeh  ami  Orea  Nitbogeh  in  Various  Conditions 


(  ase 
Number 


20,488 
20,488 
20,488 
20,488 
20,144 
P.  P. 
20.f)s  \ 
20.CS  I 
20,697 
St.  I..  II. 
17..V2  1 
17..V2! 
20,650 
20,746 
20,193 
20,108 


Date 
1910 


Oct.  4 
Oct.  12 
Oct.  22 
Oct.  22 

Nov.  10 
Dec.  1 
Dec.  4 
Dec.  8 

1911 
•Ian.  20 
Jan.  IS 
.Jan.  18 


Diagnosis 

ihol- 
per  L. 

y  ■- 

o 

-.  - 

Discharged 

t  o     . 

■~ 

<UJtD 

(  luonic  nephrit  is 

0.90 

0.84 

(  In.  nephrit  is  uremia 

1.40 

0.72 

(  hr.  nephril is  uremia 

2.17 

1.71 

Death  Oct. 

23 

(  hr.  nephritis  uremia 

1.70 

Spinal   lluk 

Chr.  nephritis  uremia 

3.93 

i.40 

Death 

1  rremia 

3.61 

1.72 

Death 

Chronic   nephritis 

1.64 

1.19 

(  Ihro.  nephritis  uremia 

2.14 

1.78 

Death 

( Ihro.  nephritis  uremia 

1.17 

0.74 

1  discharged 

improved 

<  Ihro.  nephritis  uremia 

0.53 

0.28 

Death 

ll'jf  I,   poison 

1.45 

0.88 

Death 

Aneurj  sm,  nephritis 

0.52 

0.24 

1  lischa  i  Li'''l 

improved 

i  Ihronic  nephritis 

0.43 

0.27 

Discharged 

improved 

i  remia 

L.06 

0.68 

Discharged 

improved 

(  bronic  nephril  is 

1  .23 

0.66 

Death 

( hronic  nephritis,  cere- 

0.89 

0.23 

Discharged 

improved 

bral    hemorrha 

K  IUM 


20.r»  1  1 

20.:,  11 

i;   \v  C 

<  hr.  valvular  disease 
cerebral    embolism 
■  i  ic  ulcer 
Epile] 
< i;i-  poison 
( ia-t  tit  is 

0.42 

0.54 
0.33 

n.7ti 
ii.-,:; 

0.20 
0.39 

O.ll 
0.29 

, 

i:.  \v.  i  . 
O.  I'.  D. 

' 

,\.  to  progni  results  of  analyses  in  Table  1  al  firsl  glance  do 

ii«,t  appear  equivocal.  There  was,  in  those  cases  in  which  more  than  one 
examination  was  possible,  a  heaping  up  of  catabolic  products  as  death 
approached  which  amounted  t"  an  enormous  increase  over  the  normal 
blood  content.  Bui  thai  only  one  analysis  iri \«-s  little  information  a-  t.>  the 
liate  outcome  of  tli-  case  unit  --  the  "filtrate"  nitrogen  i-  very  high, 
own  '»;.    iii"1  results  for  thi  in  which   the  patienl  <li«l   well 

notwith stand in  dence  oi  retention.    And  oni   case  is  o 
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which  typical  uremia  resulted  in  death  although  the  blood  analysis  would 
have  indicated  an  excellent  prognosis.  When  the  total  alcohol-soluble 
nitrogen  is  1  gm.,  or  over  1  gm.  per  liter,  the  prognosis  is  probably  to  be 
regarded  as  extremely  grave,  since  of  eight  such  cases  five  terminated 
fatally.  But  in  order  to  interpret  laboratory  results  of  this  nature  with 
accuracy  it  is  necessary  to  estimate  with  a  greater  degree  of  nicety  than 
we  are  now  able,  the  efficiency  of  the  heart  muscle.  It  is,  in  many  cases 
of  uremia,  by  no  means  easy  to  determine  whether  death  is  due  primarily 
to  a  toxemia  or  to  a  failure  of  the  circulation.  There  are  cases  in  which 
the  toxic  element  in  the  clinical  picture  is  predominant;  in  others  the 
uremic  state  is  overshadowed  by  evidences  of  cardiac  incompetence;  then 
the  third  class  in  which  both  factors  are  detectable,  but  an  evaluation  of 
their  relative  importance  in  causing  death  is  most  difficult.  It  is  possible 
that  the  cardiac  element  is  the  explanation  of  the  fatal  issue  in  some  of 
the  cases  in  which  "retention"  nitrogen  is  not  very  much  above  normal. 
The  percentage  of  the  alcohol-soluble  nitrogen  that  is  found  as  urea 
nitrogen  is  extremely  variable  and  seems  to  bear  no  constant  relation  to 
the  total  alcohol-soluble  nitrogen.  The  urea  nitrogen  may  constitute  as 
much  as  90  per  cent,  of  this  total  nitrogen,  or  be  only  about  36  per  cent,  of 
it.  What  substances  contain  the  remainder  of  the  nitrogen  has  been  deter- 
mined only  in  part.  In  but  a  few  instances  was  there  sufficient  material 
available  for  searching  analyses.  It  was  found  that  on  evaporation  of  the 
alcohol  from  a  portion  of  the  alcohol  filtrate  the  residue  has  a  fatty  con- 
sistency and  it  was  conjectured  that  lecithin9  or  some  other  nitrogenized 
fat  would  be  detectable.  A  specimen  of  uremic  blood  was  examined  with 
this 'point  in  view. 

An  aliquot  portion  of  the  alcohol  nitrate  was  evaporated  to  dryness  in  a 
vacuum  evaporation  apparatus  at  a  temperature  of  35  C.  A  drop  of  acetic  acid 
was  added  to  prevent  the  escape  of  any  ammonia  during  the  desiccation.  The 
fatty  residue  after  being  mixed  with  sand  was  extracted  with  dry  ether  in  a 
Soxhlet  apparatus  for  forty-eight  hours  and  the  nitrogen  content  of  the  ether 
extract  estimated.    The  results  of  complete  analysis  of  the  serum  were  as  follows: 

Gm.  per  L. 

Total  alcohol-soluble  nitrogen   0.53 

Urea  +  ammonia  nitrogen   .  .  .' 0.28 

Ammonia    nitrogen 0.03 

Ether-soluble  nitrogen    0.19 

The  figure  for  ether-soluble  nitrogen  is  probably  too  high  since  even 
with  dry  ether  it  is  possible  that  some  urea  may  go  into  solution.     Also 

9.  Letsehe:   Beitrage  zur  Kentniss  der  organisc-hen  Bestandteile  des  Serums. 
Ztschr.  f.  physiol.  Chem.,  1907,  liii,  31. 


42a 


ARCHIVES    OF    INTERNAL     MEDICINE 


there  may  be  in  blood,  ether-soluble  substances  containing  nitrogen  that 
are  not  lipoids.  In  the  case  of  a  dog  whose  ureters  had  been  ligated  about 
the  same  percentage  of  ether-soluble  nitrogen  was  found  in  the  blood. 
The  method  of  precipitating  the  protein  from  blood  by  alcohol  leads 
to  no  accurate  conception  of  the  relative  proportions  of  the  various  nitrog- 
enous fractions  in  the  blood,  since  alcohol  may  be  regarded  as  a  selective 
solvent  in  which  some  substances  would  not  go  into  solution  (e.  g.,  purine, 
in  part),  and  hence  not  appear  in  the  filtrate.  It  is  of  interest,  never- 
theless, to  compare  in  this  connection  various  samples  of  blood  subjected 
to  this  same  procedure.  The  accompanying  table  (Table  2)  shows  the 
results  of  analyses  of  uremic  blood,  compared  with  analyses  of  blood  in 
acute  renal  suppression  (sublimate  poisoning)  and  with  analyses  of  the 
blood  of  a  dog  whose  renal  arteries  had  been  ligated  about  forty-eight 
hours  before  the  blood  was  taken.    The  quantitative  change  in  the  filtrate 


Table  2. — Alcohol-Solekie  Nitrogen  (Gbams  peb  Liteb) 


Total  N 


Urea 

and 

Per 

Ammo- 

cent. 

nia  N 

Ether- 
Solu- 
ble N 


Per 
cent. 


Human,    normal     (high) 

Uremia    

Uremia    

Dog    

Human   HgCl*   poisoning 


0.62 

0.41 

66 

0.22 

0.53 

0.28 

49 

0.19 

2.14 

1.78 

83 

1.86 

1.41 

75 

0.58 

1.45 

0.88 

60 

. 

35 
36 

31 


nitrogen  resulting  on  the  suppression  of  renal  activity  (mercury  poison- 
ing,10 ligation  of  renal  artery11)  approaches  that  found  in  the  severe 
grades  of  uremia.  In  the  artificial  conditions,  however,  there  are  none 
of  the  manifestations  recognized  clinically  as  uremia. 

The  question  naturally  arises  at  this  juncture  as  to  how  much  the, 
quantitative  deviations  in  the  filtrate  nitrogen  represenl  purely  a  sup- 
:  of  renal  function  and  I"  whai  extenl  they  may  be  interpreted  as 
a  morbid  metabolic  process.  In  order  to  gain  any  insighi  into  this 
problem  another  method  than  thai  of  removal  of  the  blood  proteins  by 
alcohol  mii-t  be  employed.  The  requirements  to  be  mei  by  a  suitable 
process  are  the  removal  of  all  the  protein  and  fatty  substances  from  the 


10.  Umber:  Charite"  Ann.,  1003,  rxvii,  I60j  v.  Jaksch,  Leyden  Festschr.,  1002, 
i,  107. 

11.  Brown-Sequard:    Arch.  <!e  physio].,    1803,    v,   777-.     Ascoli:      Berl.    Klin. 
Wchnschr.,  100  '• ;  Soetbeer:  Gas.  in  Giesaen,  1008,  ndli,  6. 
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blood  without  affecting  the  solubility  of  other  substances;  in  short,  a  sepa- 
ration of  colloids.  The  method  should  not  be  harsh  enough  to  cause  the 
formation  of  cleavage  products  from  the  protein.  On  this  score  objection 
can  be  made  to  practically  every  method  that  has  been  employed  in  the 
chemical  investigations  of  blood.  The  absorption  methods  of  Eona12"  are 
perhaps  least  open  to  criticism,  because  no  violent  treatment  of  the  blood 
is  necessary,  yet  all  the  proteins  are  completely  removed.  "Whether  other 
substances  than  proteins  are  removed  also  can  be  determined  only  by 
control  observations  employing  varied  procedures.13 

The  kaolin  adsorption  method  of  Eona  and  Michaelis  was  devised  to 
investigate  the  question  of  whether  sugar  exists  in  the  blood  in  a  colloidal 
state.  Theoretically  this  method  will  remove  from  the  blood  only  such 
substances  as  are  held  in  colloidal  suspension.  It  is  always  possible  that 
other  materials  may  be  mechanically  (or  by  adsorption)  removed  as  well, 
but  of  this  little  is  known.  The  chief  objection  in  its  application  to  the 
question  under  investigation  is  that  hemoglobin  is  not  readily  adsorbed 
by  kaolin,  which  necessitates  the  use  of  serum  instead  of  whole  blood. 
This,  however,  is  not  a  serious  deficiency  as  it  is  possible  to  derive  purely 
comparable  results.  The  method  employed  is  to  dilute  the  serum,  one 
part  of  serum  to  fifteen  or  twenty  parts  of  distilled  water,  five  drops  of 
strong  acetic  acid  being  added  to  the  diluting  water.  The  proportions  in 
the  dilution  must  be  exact  to  admit  of  quantitative  estimation.  To  the 
diluted  serum  kaolin  is  now  added,  20  gm.  of  kaolin  to  each  100  c.c.  of 
the  fluid.  The  kaolin  should  be  introduced  in  small  portions,  shaking  the 
mixture  repeatedly.  After  standing  for  an  hour  the  material  is  filtered. 
If  the  procedure  has  been  properly  done  a  water-clear14  filtrate  results 
which  gives  no  biuret  reaction.  The  filtrate  from  normal  blood  serum 
treated  in  this  way  yields  a  slight  whitish  precipitate  with  phospho- 
tungstic  acid  reagent,  but  no  effect  is  produced  by  Millon's  reagent  nor 
by  potassium  mercuric  iodid.  There  is  no  precipitate  with  tannic  acid  or 
phosphomolybdic  acid.  In  a  number  of  instances  the  filtrate  'was  con- 
centrated in  a  vacuum  pan  at  a  temperature  of  35  C.  in  order  to  render 


12.  Rona  and  Michaelis:  Biochem.  Ztschr.  1908.  vii,  329,  1909,  xvi,  60;  Oppler 
and  Rona,  ibid.,  1908,  xiii,  121. 

13.  If  blood  is  a  compound,  as  some  investigators,  notably  of  the  French  school, 
maintain,  wherein  all  the  different  ingredients  exist  in  a  state  of  chemical  union 
with  each  other,  then  any  knowledge  of  the  actual  relationship  must  be  out  of 
the  question  at  present. 

14.  Slight  coloring  of  the  serum  with  hemoglobin  does  not  interfere  with  the 
recovery  of  a  protein-free  filtrate,  but  bloody  serum  can  not  be  employed. 

Dr.  Walter  Eddy  endeavored  to  recover  proteins  from  the  kaolin  mixture  left 
on  the  filter  and  found  that  this  could  be  effected  only  in  part  and  that  the  process 
of  recovery  changed  the  proteins  to  metaproteins. 
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the  above  tests  more  conclusive.    There  was  no  change  in  the  reactions  in 
consequence  of  concentration. 

The  filtrate  from  uremic  blood  is  not  uniform  in  all  of  the  reactions 
secured.  There  is,  as  with  the  normal,  a  Blight  precipitation  on  the 
addition  of  phosphotungstic  acid.  Both  potassium  mercuric  iodid  and 
Millon's  reagent  gave  precipitates  in  a  few  instances,  but  these  reactions 
were  not  common  to  all  bloods  examined.  There  was  no  precipitate  ei 
by  tannic  acid. 

The  filtrate  was  examined  after  concentration  for  indol  by  means  of 
indican,  Obermayers  reagent,  but  it  was  not  detected  in  any  instance. 

Table  3. — Partition-   of  Nox-Colloidal  Nitrogen-   i.v   Sebum 
Series  C.     Ciiroxic  Nephritis 
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This  is  of  special  interesl  .-ince  Obermayer  and  Popper  Pound  indicss 
peculiarly  constant  a-  an  ingredienl  in  uremic  blood.18  The  Bubject  of 
indican  in  blood  will  be  deall  with  subsequently. 

The  quantitative  estimations  <>f  the  various  nitrogen  fractions  in  the 
filtrate  were  made  by  the  usual  methods;  total  nitrogen  by  the  Kjeldahl 
method,  urea  by  Benedict's,  ammonia  by  Polin's  and  purins  by  the 
Kruffer-Schmidl   method.     The  results  of  these  analyses  are  shown  in 


15.  Bince  it  seemed  possible  thai  indican  tnighl  be  removed  by  kaolin,  urines 
were  tested  by  mixing  with  kaolin  and  acetic  acid.  The  tilt  rati-  gave  reaction! 
equally  ■■>  i  -  the  mil  reated  urine. 
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Table  3.  The  values  found  for  the  various  nitrogen  fractions  are  in 
general  about  the  same  as  those  of  other  investigatory;  in  some  cases, 
however,  the  absolute  quantities  are  considerably  higher,  though  the 
percentages  are  not  exceptional.10 

The  notable  feature  in  the  results  of  these  analyses  as  in  Table  1  is 
the  variability  that  is  indicated  in  the  amount  of  "filtrate"  nitrogen  in 
uremic  blood.  More  than  that,  not  only  is  the  amount  of  total  nitrogen 
bounded  by  no  definite  limits,  but  also  the  largest  fraction  of  this  total 
nitrogen,  urea,  bears  no  constant  relation  to  the  total.  In  fatal  cases  the 
urea  nitrogen  is  35  to  70  per  cent,  of  the  total  nitrogen  while  in  the  less 
severe  cases  the  extremes  are  39  to  78  per  cent.  There  is  not  in  the  results 
here  recorded  any  substantial  evidence  in  support  of  a  possible  abeyance 
of  the  urea-forming  function  which  might  lead  to  an  accumulation  of 
precursors  of  urea  in  the  blood,  since  with  some  small  mild  cases,  at  least, 
the  relative  amount  of  urea  is  as  low  as  with  fatal  cases.  The  absolute 
amount  of  undetermined  nitrogen  —  which  is  the  fraction  of  peculiar 
interest  —  in  some  instances  (Case  15)  suggests  a  very  great  concentra- 
tion, but  apparently  this  appears  only  when  there  is  a  high  degree  of 
renal  suppression.  It  is  surprising,  perhaps,  that  this  is  the  case,  because 
with  a  failure  to  excrete  urine  the  nitrogen  substance  chiefly  affected 
would  be  urea,  a  relatively  slight  retention  of  which  would  increase  the 


16.  v.  Jakseh  precipitated  the  proteins  with  phospbotungstic  acid  and  found 
from  2  to  3  gm.  per  liter  of  "filtrate"  nitrogen  of  which  95  per  cent,  was  urea. 
These  figures  for  total  "filtrate"  nitrogen  are  too  low,  since  phosphotungstic  acid 
precipitates  many  non-protein  nitrogen  compounds,  v.  Jakseh.  See  Note  10. 

Ascoli  used  sodium  chlorid  and  acetic  acid  to  remove  proteins.  His  values  for 
total  nitrogen  are  0.94  gm.  per  liter  in  cases  of  atrophic  kidney,  0.48  gm.  in 
parenchymatous  nephritis,  and  0.99  gm.  per  liter  in  uremia.  Pfluger's  Arch.  f. 
path.  Anat.,  1901,  lxxxvii,  103. 

Straus  employed  heat  and  acetic  acid  to  coagulate  the  proteins.  He  found  an 
average  of  0.8  gm.  per  liter  in  cases  of  interstitial  and  0.39  gm.  in  parenchymatous 
nephritis.  With  uremia  the  "filtrate"  nitrogen  was  increased  to  over  1  gm.  per 
liter.  He  also  noted  considerable  variations.  Die  chronische  Nierentziindung  in 
ihre  Einwirkung  auf  die  Blutfliissigkeit  und  deren  Behandlung,  Berlin,  1902,  p.  68. 

Umber  precipitated  by  means  of  alcohol  and  fractionated  the  filtrate  with 
phosphotungstic  acid.  The  average  amount  of  total  nitrogen  found  was  about  1.4 
gm.  per  liter  of  which  90  per  cent,  was  urea.  This  very  high  proportion  is  the 
result  of  the  method.     Charite"  Ann.,  1903,  xxvii,  160. 

Hohlweg  used  acetic  acid,  monopotassium  phosphate  and  half  saturation  with 
sodium  chlorid  to  free  the  blood  from  protein.  In  uremia  he  found  considerable 
variation,  between  .8  and  3.0  gm.  per  liter,  the  latter  amount  representing  the 
conditions  shortly  before  death.  In  some  cases  of  nephritis  in  which  the  patients 
died  without  uremic  symptoms  equally  high  values  were  obtained  for  the  total 
filtrate  nitrogen.     Deutsch.  Arch.  f.  klin.  Med.,  1911,  civ,  216. 

Obermayer  and  Popper,  using  heat  and  acetic  acid  to  coagulate  the  proteins, 
found  the  filtrate  nitrogen  in  uremia  between  0.7  and  4.4  gm.  per  liter,  of  which  21 
to  90  per  cent,  is  composed  of  urea.     Ztschr.  f.  klin.  Med.,  1911,  Ixxii,  333. 

The  estimations  of  Widal  and  his  collaborators  were  made  with  the  hypo- 
bromite  method  which  is  devoid  of  accuracv.     Personal  letter. 
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blood  content  considerably,  both  absolutely  and  relatively  to  the  total 
nitrogen.  That  is  to  Bay,  with  pure  retention,  ae  noted  in  acute  renal 
suppression,  the  "filtrate"'  nitrogen  of  the  blood  increases  rapidly,  and 
all  of  the  factors  composing  "filtrate"  nitrogen  increase  equally.  so  that 
ratios  remain  fairly  constant.  Urea  nitrogen  remains  the  chief  com- 
ponent in  the  blood  as  it  is  in  the  urine  so  long  as  cellular  conditions  do 
not  change  and  the  percentage  of  total  "filtrate"  nitrogen  recovered  aa 
urea  is  relatively  high.  The  conditions  that  might  be  expected  and  are 
found  in  the  blood  with  pure  ablation  of  renal  function  are  not  uniformly 
fulfilled  in  the  uremic  state,  although  in  individual  cases  they  are 
suggested. 

It  would  be  premature  to  attempt  to  draw  conclusions  from  data  so 
lacking  in  accordance  as  those  presented  in  this  paper  and  it  must  be  left 
to  further  investigation  now  in  progress  to  disclose  in  uremic  blood 
chemical  substances  which  either  quantitatively  or  qualitatively  present  a 
constant  divergence  from  normal. 
515  Park  Avenue. 


THE  EFFECT  OF  INTRASPINAL  INJECTIONS  OF  RINGER'S 

SOLUTION  IN  DIFFERENT  AMOUNTS  UNDER 

VARYING   PRESSURES  * 

WILLIAM  S.  CARTER,  M.D. 

GALVESTON,  TEX. 

INTRODUCTION 

This  paper  is  presented  as  an  experimental  inquiry  into  the  cause  of 
the  severe  shock  which  sometimes  follows  the  injection  of  serum  into  the 
subarachnoid  space  of  the  spinal  cord.  The  sole  object  of  this  investiga- 
tion has  been  to  determine  the  mechanical  effect  on  the  spinal  and 
medullary  centers,  of  increasing  the  amount  and  pressure  of  fluid  in  the 
spinal  subarachnoid  space.  For  this  purpose  Ringer's  solution  has  been 
used,  as  this  contains  the  different  inorganic  salts  of  a  real  physiological 
salt  solution,  and  is  therefore  preferable  to  the  isotonic  solution  of  sodium 
chlorid  commonly  called  by  that  name. 

No  attempt  has  been  made  to  use  serum  in  any  of  these  experiments, 
as  it  was  desired  to  separate  the  mechanical  effect  from  the  obscure  symp- 
toms of  serum-sickness  sometimes  produced  by  injecting  a  foreign  blood- 
scrum.  For  this  reason  Ringer's  solution  was  selected,  as  it  contains 
only  the  inorganic  salts  of  blood-serum  (sodium,  calcium  and  potassium) 
in  the  proportion  in  which  they  exist  in  the  normal  blood. 

In  order  that  a  post-mortem  examination  might  determine  where  the 
fluid  had  been  injected,  and  the  parts  to  which  it  had  extended  during 
the  experiment,  an  inert  coloring  matter  was  added  to  Ringer's  solution. 
At  first  lamp  black  was  tried,  but  proved  unsatisfactory,  as  sedimentation 
quickly  occurred.  Liquor  carmini  was  found  to  answer  this  purpose,  as  it 
is  inert  and  non-diffusible.  The  carmin  is  held  in  solution  by  glycerin. 
A  mixture  of  20  per  cent,  liquor  carmini  and  80  per  cent.  Ringer's  solu- 
tion was  found  most  satisfactory.  In  this  proportion  the  amount  of 
glycerin  is  only  present  in  half  the  amount  used  in  Toison's  fluid,  which 
is  isotonic  with  blood  corpuscles  and  commonly  used  for  blood 
examinations. 

IMPORTANCE  OF  SUBJECT  AXD  OBJECT  OF  PRESEXTIXG  IT 

Sudden  death,  with  symptoms  of  collapse,  extreme  pallor,  slow  heart 
and  cessation  of  respiration  has  been  reported  in  some  cases  soon  after 
the  intraspinal  injection  of  therapeutic  agents  used  to  produce  spinal 


*From  the  Laboratory  of  Physiology,  Medical  Department  of  the  University 
of  Texas. 
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anesthesia.  But  it  is  not  probable  that  spinal  anesthesia  will  ever  come 
into  general  use.  However,  since  Flexner's  discovery  of  an  antimenin- 
gococcus  serum,  this  method  of  medication  has  become  an  important 
one,  as  it  offers  the  only  hope  of  relief  and  has  reduced  the  gross  mor- 
tality from  all  cases  of  cerebrospinal  meningitis  to  about  one-fourth  of 
what  it  formerly  was,  and  in  those  cases  in  which  the  scrum  had  a  chance, 
to  approximately  one-eighth  of  the  former  mortality  rate. 

FORMER    METHODS 

Flexner  advised  the  removal  of  an  amount  of  cerebrospinal  fluid  equal 
to  the  volume  of  serum  injected,  thinking  that  thereby  the  intraspinal 
pressure  would  not  be  disturbed  and  any  danger  from  that  source  could 
be  avoided  in  this  way.     It  has  been  found  that  this  precaution  is  not 


Pir.  l. — Apparatus  used  in  author's  experiments.    For  explanation  Bee  text. 

sufficient  to  prevent  sudden  death  in  some  cast-,  either  during 
the  injeci 
During  the  recent  epidemic  in  this  state.   Dr.   Abraham   Sophian1 
i  use  the  intraspinal  pressure  as  a  guide,  but  found  it  unreli- 
able and   unsatisfactory.     Thus   if  the  intraspinal  pressure  was  found 
abnormally  high  when  lumbar  puncture  was  first  made,  he  allowed  the 
pinal  fluii  inti]  the  pressure  fell  to  normal  (20  to  i"1' 

mm.  of  water,  or  from  2  to  8  mm.  of  mercury).     Naturally  one  would 
:',  at  Berum  could  then  be  injected  with  Bafety  as  1  < •  t i ^r  as  I 


1.  Sophian,  A:  Jour.  Am.  Med.  Assn.,  1912,  liii,  B43. 
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sure  did  not  exceed  the  original  intraspinal  pressure.    Dr.  Sophian  states 
that  the  results  by  this  method  were  misleading  and  unreliable. 

The  experiments  presented  in  this  paper  show  that  in  normal  animals 
there  is  the  greatest  variation.  In  one  the  respiration  will  cease  when  the 
intraspinal  pressure  is  increased  to  the  equivalent  of  10  to  15  mm.  Hg; 
in  others  the  intraspinal  pressure  may  be  increased  above  50  or  even  100 
mm.  Hg  before  alarming  symptoms  develop.  The  rapidity  with  which 
the  pressure  is  increased  seems  to  be  important,  but  there  is  some  other 
unknown  factor  of  greater  importance,  probably  the  susceptibility  of  the 
individual.  It  may  also  be  that  the  distribution  of  fluid  injected  varies 
in  different  animals,  accounting  for  variations  in  the  amount  and  pressure 
that  may  be  used  with  safety  in  different  cases. 
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Fig.  ^  (Experiment  5). — Dog's  weight  17.73  kg.  Upper  continuous  black  line 
=blood-pressure;  middle  broken  line=pulse-rate ;  lower  broken  line  ( — . — . — . — ) 
^respiration ;   continuous  line  below=intraspinal  pressure  in  mm.  Hg. 


If  it  is  impossible  to  fix  any  limit  of  safety  in  increasing  the  intra- 
spinal pressure  in  normal  animals,  it  is  manifestly  hopeless  to  do  so  in 
meningitis  in  which  an  extensive  inflammatory  exudate  may  interfere 
with  the  passage  of  fluid  through  the  spinal  into  the  cerebral  subarachnoid 
space. 

Dr.  Sophian  has  called  attention  to  the  great  value  of  blood-pressure 
readings  as  a  guide  in  withdrawing  cerebrospinal  fluid  and  in  making 
injections  into  the  spinal  subarachnoid  space.  He  states  that  a  fall  of 
blood-pressure  equal  to  20  mm.  of  mercury  is  a  safe  indication  to  stop 
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further  injection;  that  a  sudden  fall  should  be  a  guide  not  only  to  the 
quantity  but  to  the  rapidity  of  injecting  the  serum.  It  is  obvious  that 
the  injecting  pressure  and  rapidity  of  flow  can  be  controlled  better  by 
gravity  injections  than  by  using  a  piston  syringe. 

These  observations  are  of  the  utmost  importance,  for  they  point  out 
dangers  which  had  not  been  previously  understood  and  which  are  not  as 
yet  fully  appreciated.  With  a  fuller  understanding  of  them  we  shall 
probably  be  able  to  avoid  them.  There  are  a  number  of  reasons  why  it 
does  not  seem  practicable  for  the  general  practitioner  to  adopt  the  method 
-ted  by  Dr.  Sophian.  Many  physicians  have  not  had  experience 
in  using  the  sphygmomanometer,  and  are  not  familiar  with  the  method 
of  making  determinations  of  the  blood-pressure;  comparatively  few  have 
the  special  apparatus  needed  for  making  these  'operations :  time  is  of  such 


3-00         3'0S        W 
Ifej5»|  \\ 


ISO  •*•*'*«* 


Tulre 

Opened 


.  Re s/ii rations  «__*__ 

•  •  — » f       —  ii     ii        mm .  _  # «— • -•«»#  «^* 


f)        ExtYT                    Intraspinal  Pressuts/y    \    j 
V       Dogs  »t=/l.fam. 


CLrKSicJlesfi. 


I  ig,  :;  (Exp.  XI). — <  urves  showing  sudden  cessation  of  respiration,  followed 
by  complete  cardiac  inhibition  for  30  seconds.  Atropin  relieved  the  cardiac  inhi- 
bition lint  failed  t<>  restore  respiration. 

value  in  instituting  proper  treatment  as  boob  as  the  diagnosis  is  estab- 
lished, that  it  is  nol  always  possib  are  the  services  of  a  physician 
who  can  take  bio  tire  during  intraspinal  injectio  ss  ii  be 
in  a  hospital. 

in,  the  proceduri  !  by  Dr.  Sophian  of  stopping  the  injec- 

tion and  giving  smaller  amounts  of  tl  m  at  ;i  time  seems  unde- 

sirable.   The  antimen  ll\  bj  it-  bacteriolytic 

I  ■    eems  especially  desirable,  therefore,  I  a  ■  mm  h  i 

ble,  within  the  limits  of  safety,  in  •  at  it  may  reach  the  base  of 

brain  and  exert  its  u  ■'  rer  the  e]  d.    It  woi 
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more  desirable  to  avoid  the  danger,  if  possible,  than  to  limit  the  amount 
of  the  injection. 

What  are  the  mechanical  effects  of  injecting  any  fluid  into  the  spinal 
subarachnoid  space?  How  are  the  alarming  symptoms  produced?  How 
may  they  be  counteracted,  or  what  is  more  important,  how  may  they  be 
anticipated  and  prevented  ?  These  are  the  main  questions  which  we  shall 
endeavor  to  answer  by  the  experiments  presented  in  this  paper. 

PREVIOUS  WORK  OX  THE  SUBJECT 

Cushing2  investigated  by  experiments  on  dogs  the  effect  of  the  cerebral 
compression.  This  was  produced  by  physiological  salt  solution  introduced 
under  different  pressures  into  the  subdural  space  through  trephine  holes 
in  the  cranium,  or  into  the  subdural  space  in  the  spinal  canal  through 
trephine  openings  in  the  lamina  of  the  upper  vertebra. 
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Fig.  4  (Exp.  IX). — Curves  of  dog  with  abnormally  low  blood-pressure.  A 
slight  increase  of  intraspinal  pressure  caused  the  respiration  to  stop  without  car- 
diac inhibition.  Atropin  increased  the  pulse  rate  but  failed  to  stimulate  the 
respiratory  center. 

Cushing  found  that  when  the  intracranial  pressure  is  increased  until 
it  approximates  the  mean  blood-pressure,  there  is  pronounced  cardiac 
inhibition,  with  very  slow,  shallow  and  often  irregular  respiration;  that 
these  effects  are  most  pronounced  when  the  intracranial  pressure  is 
increased  rapidly  and  may  cause  complete  cardiac  inhibition,  lasting  from 
ten  to  twenty  seconds ;  that  this  cardiac  inhibition  can  be  avoided  by  sec- 
tion of  the  vagi. 


2.  Cushing,  IT.:   Bull.  Johns  Hopkins  Hospital,  1901,  xii,  290. 
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Cushing  found  that  when  the  intracranial  pressure  approaches  the 
mean  blood-pressure  a  rise  of  blood-pressure  follows,  due  to  stimulation 
of  the  vasomotor  center  in  the  medulla.  This  regulatory  action  of  the 
dominating  vasomotor  center  is  essential  in  maintaining  the  capillary  cir- 
culation in  the  brain.  In  this  way  the  blood-pressure  may  be  raised  to 
200  mm.  or  even  250  mm.  of  mercury  or  more,  and  held  there  until  the 
vasomotor  center  in  the  medulla  becomes  fatigued. 

Eehn,  quoted  by  W.  C.  Lusk,3  injected  physiological  salt  solution  into 
the  spinal  cord  of  animals  without  recognizable  effects.  It  is  probable 
that  he  only  used  small  amounts,  as  he  endeavored  to  find  whether  the 
effects  of  stovain,  novocain  and  tropacocain  were  toxic  or  mechanical, 
when  these  drugs  are  used  to  produce  spinal  anesthesia. 

METHOD  OF   EXPERIMENTATION 

Dogs  were  used  in  all  experiments.  The  blood-pressure  was  taken  by  can- 
nulas introduced  into  the  carotid  arteries.     One  was  connected  with  a  mercury 
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Fig.  5  (  Exp.  VI) .—Typical  experiment  of  Group  II.  An  increase  of  intraspinal 
pressure  caused  pronounced  cardiac  inhibition  coincident  with  cessation  of  respira- 
tion. The  latter  condition  persisted  for  two  minutes  (one  minute  aft  it  the  admin- 
istration of  atropin)    but   the  cardiac  inhibition  completely  disappeared  within 

half  minute  after  the  injection  of  atropin.  Subsequent  intraspinal  injection 
failed  to  produce  cardiac  inhibition. 

•meter  I  Pig.  I.  At  while  the  other  was  ed  by  a  membrane  manometer 

(B).    The  latter  was  used  especially  to  detect  any  changes  in  the  systolic  pressure 

that  might  result  from  alterations  in  the  force  of  the  heart  beats;  also  to  show 

e  in  the  diastolic  pressure  in  case  the  vasomotor  tone  might  be  disturbed, 

as  in  the  production  of  ordinary  shock. 

\  tube  introduced  into  the  trachea  was  connected  with  a  tambour  (C)  for 
ording  the  respirations,  and  tlii^  wi  d  to  write  on  the  revolving  drum 

on  the  same  vertical  line  as  the  writing  styles  of  the  two  manometers  mentioned 
above.    1  h<   time  was  marked  in  Beconda  by  an  electromagnet. 

\  i,.  th  '•/.  The  animals  wen-  kept  under  ether  uniformly  so  that  Budden 
changes  in  the  circulation  or  r<  spiration  could  not  be  attributed  t«>  the  anesthetic 
ii  ed.     For  this  purpose  the  in  pired  air  passed  through  a  Mason  Jar  (Fig.  L,  D) 


3.    Lusk,   W.   <\:    Ann.  Sin-..    1911,   liv,  *49. 
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mixed  with  a  perfectly  uniform  ether  vapor  arising  from  ether  covering  the  bottom 
of  the  jar.  Light  respiratory  valves  of  aluminum  disks  caused  the  exhaled  air 
to  escape  without  passing  through  the  jar.  The  arrows  in  Fig.  1  show  the  direc- 
tion of  the  currents  of  inspired  and  expired  air.  In  this  way  there  was  no  varia- 
tion in  the  vapor  density  at  any  time,  as  the  minimum  amount  of  ether  for 
maintaining  light  anesthesia  was  used. 

This  method  of  maintaining  uniform  anesthesia  for  long  experiments  has  been 
used  successfully  in  the  laboratory  for  the  past  two  years  and  eliminates  from 
consideration  any  possibility  of  a  complication  from  the  anesthetic  which  could 
account  for  the  profound  disturbance  of  the  respiration  and  circulation  that 
results  from  intraspinal  injections. 

Mode  of  Injection. — The  carmin-Ringer's  solution  was  injected  from  a  gradu- 
ated buret  so  that  small  amounts  could  be  measured  accurately.  The  buret  (Fig. 
1,  E)  was  connected  with  a  needle  used  for  spinal  puncture  by  a  short  length  of 
rubber  tubing  with  a  spring  pinch-cock.  A  large  glass  tube,  like  that  used  for 
condensers,  surrounded  the  buret.  This  was  filled  with  hike-warm  water  con- 
stantly so  that  the  fluid  entered  the  spinal  canal  at  the  bodily  temperature. 

The  injecting  pressure,  under  which  fluid  was  forced  into  the  spinal  canal, 
was  exerted  by  compressed  air.  The  bulb  of  an  atomizer  was  attached  to  a  T-tube 
in  the  stopper  of  a  half -gallon  bottle  (Fig.  1,  F)  ;  a  piece  of  rubber  tubing  con- 
nected the  bottle  with  the  top  of  the  buret;  interposed  between  the  two  another 
T-tube   connected  with  a   mercury  manometer    (G)    so  that  the  pressure  of  the 
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Fig.  6  ( Exp.  VII ) . — Another  experiment  of  Group  II  illustrating  the  points 
mentioned  under  Fig.  5.  The  intraspinal  injections  made  after  the  administration 
of  atropin  caused  serious  disturbance  of  respiration  without  dangerous  cardiac 
inhibition.     The  blood-pressure  rose  from  the  late  injections. 

compressed  air  was  measured  accurately  in  mm.  Hg,  and  could  be  kept  uniform 
within  variations  of  5  mm. 

Spinal  Punctures. — These  were  made  by  needles  used  for  giving  serum  in  man. 
The  lower  one  was  introduced  between  the  lumbar  vertebra  at  the  level  of  the 
top  of  the  pelvis ;  the  second  spinal  needle  was  introduced  one  or  two  spaces  above 
the  first  (Fig.  1,  S.  N.). 

The  injection  was  usually  made  through  the  lower  needle,  while  the  intraspinal 
pressure  was  usually  taken  by  the  upper  one.  The  latter  connected  by  means  of 
rubber  tubing  with  a  mercury  manometer  (Fig.  1,  H)  with  a  T-tube  interposed 
between  the  two.  The  side  arm  of  the  T  enabled  all  air  to  be  replaced  by  Ringer's 
solution;  it  also  afforded  a  means  of  allowing  fluid  to  escape  quickly  from  the 
spinal  canal,  thereby  lowering  the  intraspinal  pressure. 

Difficulty  was  experienced  in  getting  needles  of  suitable  size  for  spinal  punc- 
ture in  dogs.  The  smaller  ones  are  easily  occluded  and  offer  great  resistance  to 
the  flow  of  fluid  through  them;  the  larger  ones  are  difficult  to  introduce  between 
the  vertebrae  and  often  the  beveled  end  punctures  the  spinal  membranes  without 
conveying  all  of  the  fluid  into  the  subarachnoid  space. 
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Spinal  fluid  escaped  from  the  first  needle  introduced,  but  often  it  was  impos- 
sible to  get  any  from  the  seeon<i  one,  piobably  "ii  account  of  the  small  amount 
and  low  pressure  in  the  normal  animal.  Frequently  the  upper  needle  touched  the 
spinal  cord,  but  the  blood-pressure  was  taken  before  and  after  the  puncture.  If 
any  shock  followed  the  introduction  of  tie-  needles,  time  was  allowed  for  this  to 
pass  off  before  starting  the  injections. 

The  intraspinal  pressure  was  noted  1>  and  called  to  another  who 

recorded  it  immediately  under  the  registration  of  the  blood-pressure  on  the  revolv- 
ing drum.  In  some  of  the  experiments  the  intraspinal  pressure  was  recorded  on 
the  drum  by  a  writing  style  on  a  mercury  manometer,  as  dishing  made  a  tracing 
of  the  intracranial  pressure. 

Autopsies. —  Immediately  after  each  experiment  an  autopsy  was  made  to  deter- 
mine if  both  needles  had  punctured  the  membranes,  the  location  of  the  fluid 
injected,  and  the  extent  to  which  it   bad  extended  to  the  intracranial  cavity. 

The  brain  and  cord  were  removed  and  fixed  in  10  per  tent,  dilution  of  liquor 
formaldehydi  in  distilled  water.  The  alkaline  salts  of  tap  water  cause  the  solu- 
tion and  diffusion  of  some  of  the  carmin  injected. 

RESUI.T<  OF   EXPERIMENTS 

The  first  experiment  was  made  with  only  one  needle  introduced  into 
the  spinal  subarachnoid  space.     The  intraspinal  pressure  was  measured 
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Fig.  7  (Exp.  VIII). — Another  experimenl  of  Group  II.  A  slight  increase  of 
intraspinal  pressure  to  10  mm.  Hg  caused  sudden  ct-ssation  of  respiration  followed 
by  abrupt  and  complete  cardiac  inhibition.  Atropin  restored  the  normal  heart 
beal  within  l'»  seconds  bui  spontaneous  respirations  only  started  after  three 
minute-  of  artificial  respiration. 

Subsequent  to  the  administration  of  atropin,  the  intraspinal  injection  of  a 
amounl   of  Ringer's  solution,  under  a   higher  in  essure,  failed  to 

produce  cardiac  inhibition,  bul  each  injection  reduced  the  respiratory  rate  greatly. 
The  blood  pressure  rose  in  these  late  injections  a-  in  Experimenl  7   (Fig.  6). 


injections,  and  again  after  they  had  been  compli  ted;  bul  there 
•  r  the  norma]  i  !■">  nun.  Ringer's  solution  or  3  mm.  of 
mercury ). 

[njections  of  3  to  \  c.c.  were  made  ai  a  time,  taking  from  two  min 
(o  thi  ach  injection  as  the  injecting  pressure  incn 

:iLr  v.  iili  an  injecting  pi  mm.  of  mercury,  it  was  in< 

to  50,  80,  l"".  L20,  1  I".  L60,  200,  830  and  850  mm.  of  mercury  at  suc- 
c(  edii 
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A  total  of  29  c.e.  was  injected  in  a  dog  weighing  17.73  kilograms  in 
the  course  of  thirty  minutes,  with  practically  no  effect  until  the  injecting 
pressure  had  been  increased  above  100  mm.  of  mercury.  With  an  inject- 
ing pressure  between  120  mm.  and  250  mm.  of  mercury,  there  was  a 
moderate  decrease  of  the  respiratory  rate,  a  slight  increase  of  blood-pres- 
sure, with  a  decrease  in  the  pulse-rate.  The  change  was  not  more  than 
one-tenth  of  the  normal  in  any  one,  and  the  symptoms  were  not  serious 
at  any  time.  The  animal  was  killed  by  chloroform.  This  experiment 
was  remarkable  for  the  slight  disturbance  produced  by  an  enormous  inject- 
ing pressure.  The  distribution  of  the  pigment  at  the  base  of  the  brain 
and  on  the  cortex  showed  that  the  fluid  injected  had  reached  the  cerebral 
subarachnoid  space,  but  evidently  the  pressure  of  fluid  within  that  space 
had  not  been  materially  increased. 

The  intraspinal  pressure  was  measured  throughout  the  other  experi- 
ments, but  it  was  found  that  there  is  a  wide  variation  in  the  extent  to 
which  it  may  be  increased  before  alarming  symptoms  develop.  In  most 
instances  a  rapid  increase  in  this  pressure  was  the  most  important  danger 
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Fig.  8  (Exp.  XTI). — Experiment  illustrating  Group  III.  Atropin  removed  the 
cardiac  inhibition  immediately  but  failed  to  restore  respiration.  Although  artifi- 
cial respiration  was  kept  up  for  five  minutes,  there  was  no  attempt  at  spontaneous 
respiration.    The  injection  of  0.010  gm.  cocain  started  natural  respiration  at  once. 

Four  injections  after  the  administration  of  atropin  caused  cessation  of  respira- 
tion without  cardiac  inhibition;  after  waiting  one  minute  for  spontaneous  respira- 
tions each  time,  the  injection  of  cocain  restored  natural  respiration  promptly. 

signal,  but  this  was  not  constant,  and  no  limit  of  safety  can  be  fixed  either 
as  to  the  amount  of  fluid  that  may  be  injected,  or  the  degree  to  which  the 
intraspinal  pressure  may  be  increased. 

In  some  experiments  the  most  serious  disturbance  of  the  respiration 
and  circulation  occurred,  with  apparently  very  little  or  no  increase  of  the 
intraspinal  pressure.  In  these  it  is  probable  that  the  opening  of  the 
needle  was  occluded  by  membranes  or  by  a  clot,  so  that  the  actual  intra- 
spinal pressure  was  not  registered  by  the  manometer.  Experiments  6  and 
8  illustrate  this  point.  Every  effort  was  made  to  clear  the  needle  when 
this  condition  seemed  probable,  but  it  is  impossible  to  be  certain  that  this 
is  patulous  when  variations  of  pressure  do  not  occur.    In  some  experiments 
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no  variations  of  intraspinal  pressure  could  be  obtained,  and  the  injec- 
tions were  continued  until  charactei  ptoms  developed. 

In  some  experiments  large  amounts  of  fluid  were  injected  with  com- 
paratively little  increase  of  the  intraspinal  pressure.  It  is  probable  that 
this  was  due  to  some  escape  of  the  fluid  to  the  extradural  space,  as  it 
was  often  necessary  to  make  a  number  of  punctures  in  attenr  :  the 

needles  in  the  proper  place.  This  condition  obtained  in  the  experiments 
of  Group  V. 

In  a  few  instances  the  intraspinal  pressure  rose  rapidly,  usually 
toward  the  end  of  the  injection  or  immediately  after  it,  and  exceeded  the 
injecting  pressure  recorded.  This  apparent  discrepancy  is  explained  by 
the  fact  that  only  the  pressure  of  the  compressed  air  was  recorded  as  the 
injecting  pressure.  The  column  of  fluid  in  the  buret  was  not  considered, 
as  it  was  subject  to  variation.  When  the  buret  was  filled  it  added  a 
column  of  Ringer's  solution  530  mm.  in  height,  or  a  pressure  of  40  mm. 
of  mercury  to  that  recorded  as  the  injecting  pressure.    With  the  arrange- 


Fig.  '■)  (Exp.  XIX). — This  is  one  of  eight  experiments  of  Group  IV.  in  which 
the  cardiac  inhibition  was  a  less  Berious  consequence  of  the  intraspinal  injection 
than  llir'  complete  cessation  of  respiration. 

The  injection  <>i  cocain  restored  natural  respiration  promptly,  hut  this  drag 
had  practically  no  effect  upon  the  cardiac  inhibition.  When  subsequent  intraspinal 
injections  produced  characteristic  Bymptoms,  atropin  failed  to  restore  respiration 
but  caused  cardiac  inhibition  to  disappear  promptly. 


ment  for  keeping  the  fluid  nt  body  temperature,  and  for  measuring  the, 
amount  injected  each  time,  it  was  impossible  to  overcome  ibis  difficulty. 

Sudden  variations  of  intraspinal  pressure  may  occur  during  and 
immediately  after  intraspinal  injections.  Probably  these  are  due  to  the 
distribution  of  the  fluid  injected  in  the  subarachnoid  <>r  subdural  Bpi 

variations  of  the  intracranial  pressure,  or  the  blood  in  the  plexus  of  the 

veins  in  the  extradural  spa  ■  vertebral  canal. 

The  experiments  may  hi'  divided  into  five  -roups,  and  the  diagrams 
on  which  the  changes  have  been  plotted  show  typical  results  better  than 

a  detailed  |  Ion. 
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In  the  diagrams  the  time  is  given  at  the  top.  The  time  of  each  injec- 
tion is  marked  by  vertical  lines;  the  amount  injected  and  the  injecting 
pressure  are  indicated  between  these  vertical  lines. 

The  numbers  at  the  sides  show  the  blood-pressure  and  intraspinal 
pressure  in  millimeters  of  mercury;  also  the  pulse-rate  and  respiratory- 
rate  per  minute.  The  upper  continuous  line  represents  the  blood-pres- 
sure; the  upper  broken  line,  the  pulse-rate;  the  lower  continuous  line 
represents  the  intraspinal  pressure ;  the  lower  broken  line  ( — . — . )  shows 
the  number  of  respirations  per  minute. 

Group  I. — Experiments  5,  9  and  11  (Figs.  2,  3  and  4)  were  of  brief 
duration.  The  injections  caused  death  in  a  very  short  time  from  cessa- 
tion of  the  respiration  and  pronounced  cardiac  inhibition.  The  respira- 
tion ceased  from  one  to  three  minutes  before  the  heart  stopped,  and  in 
two  of  these  experiments  death  occurred  in  spite  of  artificial  respiration. 

Lowering  the  intraspinal  pressure  relieved  the  cardiac  inhibition  tem- 
porarily in  Experiment  5,  but  failed  to  do  any  good  in  Experiment  9. 
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Fig.  10  (Exp.  IV). — As  a  type  of  Group  V.  The  first  two  injections  produced 
some  cardiac  inhibition  but  subsequent  injections  of  larger  amounts  had  no  effect. 
These  exceptional  results  are  explained  by  the  escape  of  the  fluid  to  the  extradural 
space  as  described  in  the  text. 

The  administration  of  atropin  after  alarming  symptoms  had  devel- 
oped (Exps.  9  and  11)  caused  the  cardiac  inhibition  to  disappear  but 
failed  to  start  the  respirations,  and  the  animals  soon  died. 

In  the  experiments  of  this  group  comparatively  small  amounts  of  fluid 
were  injected,  viz.,  10  c.c,  13  c.c.  and  40  c.c.  The  injecting  pressure 
(from  compressed  air)  was  150  mm.  of  mercury,  plus  the  column  of  fluid 
in  the  buret.  The  latter  varied  from  the  equivalent  of  10  to  40  mm.  of 
mercury,  as  previously  explained. 

Serious  symptoms  developed  when  the  intraspinal  pressure  had  been 
increased  to  7  mm.,  26  mm.  and  66  mm.  of  mercury  in  the  respective 
experiments.  Fatal  results  occurred  when  the  intraspinal  pressure  had 
been  increased  to  50  mm.,  116  mm.  and  180  mm.  Hg. 
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The  fall  of  blood-pressure  was  due  entirely  to  the  profound  cardiac 
inhibition,  probably  from  stimulation  of  the  centers  in  the  medulla.  There 
was  no  loss  of  vasomotor  tone  as  in  surgical  shock.  The  diastolic  pressure 
recorded  by  the  membrane  manometer  showed  no  change  except  that  which 
occurs  with  cardiac  inhibition.  As  soon  as  the  latter  disappeared  from 
the  administration  of  atropin,  the  systolic,  diastolic  and  mean  blood- 
pressure  returned  to  normal.  Xo  attempt  has  been  made  to  plot  the  sys- 
tolic and  diastolic  pressure  on  the  diagrams,  as  they  show  no  change. 

Two  of  the  experiments  of  this  group  show  unusually  high  blood- 
pressure  (Exps.  5  and  11).  In  both  instances  the  respiration  ceased 
before  the  blood-pressure  had  been  reduced  to  an  abnormally  low  level  by 
the  pronounced  cardiac  inhibition. 

This  is  of  interest,  for  it  shows  that  an  abnormally  high  blood-pressure, 
such  as  occurs  from  increased  intracranial  pressure,  is  not  sufficient  to 
prevent  the  mechanical  effects  of  intraspinal  injections  on  the  centers  of 
the  medulla.  Eobinson4  found  that  the  blood-pressure  was  increased  in  a 
considerable  proportion  of  the  twenty-six  cases  of  cerebrospinal  meningitis 
patients  studied  by  him,  while  it  was  decreased  below  the  normal  in  otl 

In  Experiment  9  the  blood-pressure  was  unusually  low,  as  the  animal 
was  suffering  from  distemper.     In  this  case  the  paralysis  of  the  resm- 
tory  center  was  the  most  serious  disturbance,  while  the  cardiac  inhilwoii 
was  li  Be  conspicuous. 

Group  II. — In  this  -roup  (Experiments  6,  3  and  8,  Figs.  5,  6  and  7) 
pronounced  cardiac  inhibition,  preceded  by  a  cessation  of  respiration, 
occurred  early  in  the  experiment,  after  the  injection  of  a  comparatively 
small  amount  of  fluid  (G  to  20  c.c).  The  administration  pi  atropin 
promptly  restored  the  circulation  to  normal  and  respiration  was  then 
tblished. 

A  much  larger  amount  of  fluid  (30  to  100  c.c.)  was  subsequently 
injected  by  repeated  inji  <  t  ions,  Borne  of  them  made  under  higher  injecting 
pressure,  without  producing  cardiac  inhibition  or  serious  fall  of  bl< 

-ure.  I'll.-  respiration  ceased  a  number  of  times  from  the  later  injec- 
tions, but  it  was  H"t  so  easily  affected  in  the  absence  of  circulatory  <1  i>- 
turbai 

These  experiments  Bhow  that  atropin  prevents  the  effeel  of  intraspinal 
injections  on  the  heart  hut  nol  mi  the  respiration;  also  that-the  fall  of 
pressure  is  not  due  to  Loss  of  vasomotor  tour  from  depression  of  the  vaso- 
motor centers,  bul  to  cardiac  inhibition. 

Experiment  *  is  of  particular  interest  in  this  connection.  The  first 
injection  had  the  usual  effect.  Aiter  atropin  had  hern  administered  the 
subsequent  injei  I  i  d  a  rise  of  blood-pressure,  going  above  200  mm. 

of  mercury  repeatedly,  the  elevation  of  pressure  being  proportionate  t<>  the 
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injecting  pressure  used.  This  must  have  been  due  to  the  stimulation  of 
the  vasomotor  center  in  the  medulla,  as  explained  by  Cushmg.  This 
experiment  shows  that  intraspinal  injections  made  by  lumbar  puncture 
may  have  the  same  effect  that  Cushing  obtained  by  increasing  the  intra- 
cranial pressure,  if  cardiac  inhibition  is  prevented.  In  spite  of  the  rise 
of  blood-pressure,  the  respiration  ceased  after  each  injection. 

Group  III. — Experiment  12  (Fig.  8)  of  this  group  differs  from  those 
of  the  preceding  group,  in  that  atropin  did  not  restore  the  blood-pressure 
so  promptly,  although  it  immediately  removed  the  cardiac  inhibition.  In 
this  experiment  there  was  decreased  vasomotor  tone,  as  shown  by  the  low 
diastolic  pressure.  Natural  respiration  did  not  return  after  artificial 
respiration  had  been  kept  up  for  five  minutes.  The  intravenous  injection 
of  cocain  reestablished  respiration  at  once. 

Subsequent  injections  caused  the  respiration  to  cease  without  any 
material  change  of  blood-pressure  or  pulse-rate.  After  waiting  one-half  to 
one  minute,  without  artificial  respiration  or  any  sign  of  recovery,  the 
injection  of  0.010  gin.  of  cocain  caused  the  normal  respiratory  rate  to 
return.  In  this  condition,  as  in  ether  narcosis,  cocain  is  a  valuable  respira- 
tory stimulant. 

r:oup  IV. — This  group  includes  eight  experiments,  of  which  Experi- 
ment 19  (Fig.  9)  shows  typical  results. 

Characteristic  symptoms  (cessation  of  respiration  and  cardiac  inhibi- 
tion) followed  the  intraspinal  injection,  but  the  cardiac  inhibition  was 
less  pronounced.  Cocain  was  given  alone,  or  it  was  given  first  and  atropin 
was  administered  a  considerable  time  later. 

In  each  case  cocain  promptly  restored  the  respiration,  but  failed  to 
remove  the  cardiac  inhibition.  In  some  instances  the  cardiac  inhibition 
was  not  lessened  at  all  by  the  cocain ;  in  others  the  cardiac  inhibition  grad- 
ually disappeared  with  the  reestablishment  of  respiration  to  normal.  The 
subsequent  injection  of  atropin  caused  the  immediate  and  complete  dis- 
appearance of  the  cardiac  inhibition. 

This  indicates  that  the  cardiac  inhibition  is  due  to  direct  stimulation 
of  the  cardio-inhibitory  center  in  the  medulla,  and  does  not  result  as  one 
of  the  symptoms  of  asphyxia  following  the  paralysis  of  respiration. 

It  is  also  obvious  that  both  atropin  and  cocain  are  required  to  meet  the 
disturbances  of  the  circulation  and  respiration.  Xeither  of  them 
acting  alone  can  meet  the  indications.  It  is  also  apparent  that  there  is 
not  sufficient  time  for  using  these  drugs  after  alarming  symptoms  develop 
from  intraspinal  injections  in  man.  In  the  experiments  presented  in  this 
paper  the  injections  were  made  directly  into  the  jugular  vein,  but  even 
then  the  result  was  uncertain. 

The  condition  is  analogous  to  the  collapse  which  sometimes  develops 
in  chloroform  narcosis  from  sudden  stoppage  of  the  heart  due  to  cardiac 
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inhibition.  It  can  easily  be  prevented  by  the  preliminary  administration 
of  atropin,  while  all  efforts  at  resuscitation  often  fail  after  a  concentrated 
vapor  of  chloroform  has  produced  the  condition. 

Group  V.— Experiments  3,  4,  10,  13,  18,  22  an  .  3ee  Fig.  10  for 
Experiment  4)  are  remarkable  for  the  large  amount  of  fluid  injected 
without  the  production  of  any  symptoms  or  only  mild  and  transitory  dis- 
turbances. In  these  experiments  the  amount  injected  varied  from  60  to 
150  c.c.,  but  the  intraspinal  pressure  was  low  as  a  rule  (See  curves  of 
Experiment  4). 

The  autopsy  in  each  case  showed  a  large  amount  of  the  carmin- 
Bingers  solution  in  the  extradural  space  of  the  spinal  canal.  There  was 
no  pigment  at  the  base  of  the  brain  or  on  the  cortex  and  very  little 
beneath  the  spinal  arachnoid.  Even  the  lining  of  the  dura  shows  compara- 
tively little  pigmentation,  so  that  most  of  the  fluid  must  have  been 
injected  into  the  extradural  space  and  doubtless  escaped  through  the 
intervertebral  foramina. 

The  failure  to  obtain  any  change  in  the  circulation  or  respiration  can 
easily  be  explained  by  the  post-mortem  finding,  for  an  examination  of  the 
brains  of  these  dogs  shows  that  practically  none  of  the  fluid  entered  the 
cranial  cavity  and  very  little  passed  up  the  cord. 

IXC  I  DENTAL   OBSERVATIONS 

The  question  as  to  the  distance  to  which  fluid  (e.  g.,  serum)  reaches 
when  given  by  lumbar  puncture  can  be  definitely  answered  by  the  autopsy 
findings  of  the  first  four  groups  of  experiments  and  by  other  preliminary 
experiments.  Even  -mall  amounts  under  low  pressure  reach  to  the  base 
and  cortex  of  the  brain. 

Small  amounts  under  moderate  pressure  probably  do  not  reach  into 
the  lateral  ventricles.  At  least  carmin  has  only  been  found  in  those  experi- 
ments in  which  a  large  amount  of  fluid  had  been  injected  under  high 
pressure.  CTndei  these  circumstances  the  lining  of  the  ventricles  is  pig- 
mented distinctly,  it  is  doubtful  it'  Berum  injected  under  the  pressure 
which  would  b  to  use  in  man.  ever  reaches  tin'  lateral  yentrii 

CONCLUSIONS 

1.  No  definite  limit  can  he  fixed  to  which  the  intraspinal  pressure  may 
he  increased  with  safety,  h  ome  animals  serioue  symptoms  developed 
when  it  was  increased  1"  1"  mm.  of  mercury,  while  in  others  this  only 
occurred  with  a  pressure  of  "i(»  or  60  mm.  of  mercury. 

2.  The  norma]  intraspinal  pressure  in  doga  varies  from  3  to  to  mm. 
of  mercury,  or  40  fn  L36  mm.  of  water.  A  sudden  increase  of  pressure, 
even  though  a  small  amount  he  given,  is  more  dangerous  than  a  larger 

amount  given  gradually  by  gravity. 
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3.  The  first  mechanical  effect  of  increasing  the  intraspinal  pressure 
from  injections  made  by  lumbar  puncture  is  the  cessation  of  respiration ; 
quickly  following  it,  or  coincidently  with  it,  there  is  profound  cardiac 
inhibition,  which  causes  a  tremendous  and  sudden  fall  of  blood-pressure. 
The  fall  of  pressure  is  often  so  abrupt  that  it  frequently  drops  from  nor- 
mal to  zero  within  a  half  minute. 

4.  Atropin  removes  the  cardiac  inhibition  and  restores  blood-pressure 
by  its  paralyzant  effect  on  the  cardio-inhibitory  nerve  center. 

5.  Atropin  fails  to  stimulate  the  respiratory  center,  while  cocain  is 
the  most  valuable  respiratory  stimulant- for  such  an  emergency. 

6.  These  drugs  should  be  given  together  in  full  doses  before  making 
a  spinal  puncture  or  iutraspinal  injection.  The  injection  at  the  site  of 
spinal  puncture  would  also  produce  local  anesthesia.  The  condition  could 
thus  be  prevented  more  easily  than  it  can  be  remedied  after  alarming 
symptoms  suddenly  develop.  This  is  particularly  true  if  chloroform  is 
used  as  an  anesthetic,  as  the  inhalation  of  chloroform  in  concentrated 
vapor  produces  similar  effects  and  thus  makes  the  condition  more  serious. 

7.  The  fall  of  pressure  is  not  due  to  a  vasomotor  disturbance.  There 
is,  therefore,  no  indication  for  the  administration  of  epinephrin.  On 
the  contrary,  it  is  positively  contra-indicated  on  account  of  its  well-known 
action  in  producing  cardiac  inhibition. 

8.  Lowering  the  intraspinal  pressure  by  allowing  fluid  to  escape  from 
the  needle  after  the  characteristic  symptoms  develop,  fails  to  relieve  the 
condition. 

9.  The  advantage  of  using  atropin  and  cocain  before  intraspinal 
injections  consists  not  only  of  lessening  the  dangers  of  sudden  death,  but 
it  enables  a  larger  amount  of  fluid  to  be  injected  without  producing  dan- 
gerous symptoms  from  the  mechanical  effect.  This  is  a  great  advantage 
in  administering  antimeningococcus  serum,  as  its  action  is  chiefly  a  direct, 
local  one  on  the  living  bacteria  and  the  benefits  are  in  proportion  to  the 
amount  administered. 


TWO    CASES    OF    ANAPHYLACTIC    SERUM    DISEASE    OVER 
SIX   YEAES   AFTEE   THE   PRIMARY  INJECTION 
OF  HORSE-SERUM   (YERSIN'S  ANTI- 
PEST    SERUM)* 

S.  T.  DARLING,  M.D. 

ANCOX  HOSPITAL,  CANAL  ZONE 

The  widespread  interest  in  hypersusceptibility  and  allergy  and  their 
relation  to  infectious  disease  leads  me  to  report  two  cases  of  this  nature 
following  over  six  years  after  the  primary  injection  of  horse-serum. 

I  desire  also  to  express  the  personal  feeling  that  the  use  of  diphtheria 
antitoxin  for  the  immunization  of  contacts  (the  immunizing  dose')  should 
be  avoided  as  often  as  practicable.  I  believe  it  is  much  wiser  and  shows 
more  consideration  for  the  patient  for  contacts  to  be  examined  frdm  day 
to  day  and  for  cultures  from  the  throat  to  be  examined  as  well.  In  this 
way  the  disagreeable  features  of  serum  disease  and  the  indiscriminate  and 
widespread  sensitization  of  many  persons  to  horse-serum  will  be  avoided. 

Serum  disease  is  a  term  used  by  von  Pirquet  and  Schick1  to  denote 
the  clinical  manifestations  following  the  injection  of  horse-serum.  These 
.-;.  mptoms  may  follow  the  primary,  secondary,  or  other  subsequent  injec- 
tion of  serum.  The  first  injection  of  horse-serum  often  causes  symptoms 
peculiar  to  the  serum  itself,  such  as  urticaria,  fever,  edema  and  joint 
pains.  These  are  not  due  to  the  antitoxin,  but  to  the  horse-serum,  and 
they  only  occasionally  occur  immediately  after  the  injection.  Ther 
nearly  always  a  latent  or  incubation  period  of  eight  to  twelve  days.  Von 
Pirquet  has  noted  that  following  the  second  injection  of  horse-serum,  the 
reaction  La  altered  as  to  time,  quantity  and  quality;  and  these  altered 
manifestations  he  has  termed  allergy  (altered  r-eaction). 

With  regard  to  the  incidence  of  serum  disci-.-.  Weaver8  records  that 
31.1  per  cent,  of  692  patients  with  diphtheria  to  whom  serum  was  admin- 
istered, observed  for  ten  days  or  more,  exhibited  the  reaction. 

The  amount  of  Berum  injected  to  a  greal  extent  determines  the 
appearance  of  the  reaction.  Thus,  Weaver  notes  that  when  1  to  9  c.c 
of  serum  was  administered,  10.9  per  cent,  of  patients,  observed  for  ten 
days  or  more,  showed  a  reaction.    When  ioo  to  109  c.c.  were  given,  -ii.i 
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per  cent,  of  patients  showed  a  reaction;  while  in  eight  patients,  given  170 
to  280  c.c.  of  serum,  all,  or  100  per  cent.,  showed  a  reaction. 

Serum  disease  following  a  primary  injection  of  liorse-serum :  This 
appears  after  an  interval  between  the  injection  and  the  appearance  of 
symptoms.  At  the  end  of  the  period  of  incubation,  the  symptoms  sud- 
denly appear.  Locally,  there  is  redness  and  itching  of  the  skin.  The 
general  symptoms  are  fever,  edema,  skin  eruptions,  such  as  urticaria  and 
erythema,  swelling  of  lymph-nodes,  leukopenia,  joint  pains,  occasionally 
nausea  and  vomiting ;  there  is  some  headache,  backache  and  soreness  and 
aching  of  the  muscles,  and  in  severe  cases  prostration  and  a  tendency 
to  fainting. 

Serum  disease  following  a  secondary  injection  (toxic  injection)  given 
after  a  considerable  interval:  (Anaphylaxis).  Ten  days  or  more  after 
a  primary  injection  the  exhibition  of  a  second  injection  elicits  symptoms 
of  serum  disease,  either  immediately  or  after  a  period  of  incubation 
shorter  than  that  following  a  primary  injection  (allergy).  The  "imme- 
diate" reaction  occurs  within  a  day;  while  the  "accelerated"  reaction 
occurs  usually  within  five  to  seven  days  after  the  secondary  injection. 
The  local  symptoms  are  specific  edema  and  urticaria  at  the  site  of  inocula- 
tion. The  general  symptoms  are  fever,  chilliness,  exanthematous  erup- 
tions, urticaria,  edema  and  joint  pains,  and  in  severe  cases  there  is  pros- 
tration and  a  tendency  to  fainting. 

Von  Pirquet3  states  that  after  the  first  injection  of  horse-serum,  serum 
disease  appears  seldom  before  the  sixth  day,  often  est  on  the  eighth  or  ninth 
day,  but  frequently  later.  When  individuals  receive  a  secondary  injection, 
the  symptoms  usually  appear  as  an  immediate  reaction  within  twenty-four 
hours,  and  he  noted  that  in  children  receiving  a  second  injection,  a 
number  reacted  on  the  sixth  and  seventh  days.  This  von  Pirquet  and 
Schick  called  the  "accelerated"  reaction. 

The  secondary  injection  must  be  many  times  larger  in  amount  than 
the  minimum  "sensitizing"  injection  in  order  to  elicit  visible  symptoms ; 
so  that  on  this  account  it  would  seem  to  be  impossible  to  determine  by 
means  of  a  cutaneous  reaction  whether  an  individual  were  sensitive  to 
horse-serum. 

Yon  Pirquet  explains  the  phenomena  of  anaphylaxis  or  allergy  as 
follows :  In  serum  disease,  for  example,  horse-serum  is  injected  into  man, 
and  antibody  is  formed.  We  see  at  this  time  that  symptoms  of  disease 
appear  and  the  supposed  connection  is  that  the  symptoms  are  due  to 
toxic  bodies  formed  by  the  digestion  of  the  antigen  (allergen)  through 
antibody.  On  a  second  injection  ("toxic  dose")  it  is  assumed  (a)  that 
the  antibody  is  already  present  and  when  the  horse-serum  is  injected  the 
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toxic  bodies  are  now  formed  and  elicit  an  immediate  reaction.  It  is 
assumed  (b)  if  the  second  injection  follows  long  after  the  primary  injec- 
tion the  blood  is  free  from  antibody  as  well  as  horse-serum ;  but  the  body 
cells,  however,  having  once  made  them,  now  make  antibodies  rapidly.  - 
that  in  this  case  antibodies  are  formed  more  or  less  quickly.  The  toxic 
bodies  are  then  formed  and  elicit  the  symptoms  in  an  "accelerated"' 
reaction. 

In  severe  cases  of  serum  disease  there  is  more  or  less  prostration  and 
cardiovascular  weakness.  These  symptoms  are  no  doubt  analogous  to 
those  elicited  in  experimental  animals  on  tin  administration  of  secondary 
toxic  doses  of  horse  serum  to  sensitized  subjects,  and  Aucr4  has  called 
attention  to  the  interesting  fact  that  symptoms  and  signs  of  anaphylaxis 
differ  considerably  in  three  species  of  animals  which  have  so  far  been 
carefully  studied.  The  characteristic  drop  in  blood-pressure  of  dogs 
shown  graphically  so  well  by  Pearce  and  Eisenbrey,5  is  not  found  in  the 
acute  cases  of  anaphylaxis  in  the  rabbit  and  guinea-pig.  The  la 
pale,  inflated  lungs  in  the  guinea-pig  are  not  found  in  the  dog  or  rabbit : 
and,  again,  the  intravital  rigor  of  the  heart  muscle  in  the  rabbit  is  not 
seen  in  the  dog  or  guinea-pig.  In  the  rabbit  Auer  demonstrated  that  the 
heart  itself  is  the  vital  cause  of  death  in  acute  anaphylaxis  in  rabbit-. 

CASE    IMPORTS 

Among  the  personnel  at  Ancon  Hospital  in  May.  1005,  S.  T.  D..  who 
performed  the  autopsy,  and  II.  W..  an  attendant,  were  exposed  to  a  i 
of  bubonie  plague  and  each  received   l'»  c.c.  of  Serein's  antipesi  serum. 
The  same  individual-,  in  Octobi  r,  1911,  were  similarly  exposed  to  a  i 

3i  pticemic  plague,  and  again  received  L0  c.c.  of  Yersin's  antipesi  Berum. 
At.  this  time  fifteen  other  individual-  who  had  been  exposed  received 
injections  of  the  Berum.     \  iese  was  II.  C.  <'..  and  of  I 

person-  injected;  S.  T.  D.,  II.  W.  and  II.  c.  ( '.  developed  Berum  disi 
while  none  of  the  fourteen  who  had  not   been  previously  Bensitized  by 
horse-serum  developed  am  symptoms  of  serum  disease. 

I.  -S.  T.  D.,  physician,  aged  39,  had  never  had  diphtheria,  nor  rei 
injections  of  horse  serum.     He  performed  an  autopsy  on  a  case  of  bubonic  pis 
June  23,  1905,  and  on  this  date  received  the  equivalent  of  L0  c.c.  of  Xersin's  anti 
peal  Berum.     'Mii~  was  a  dried  horse  Berum  taken  up  with  -aline  solution,     N- 
symptoms  of  -''111111  disease  followed  the  injection. 

Oct.  17.  1911,  nearly  -i\  years  and  four  months  later,  he  performed  an  autopsj 
mi  .1   case  of  septicemic  plague  and   the  following  morning  received    in  c.c.  of 
Xersin's  antipesi  serum  Hi>|iii.i  1  ■ . . j  — . -  serum).     Following  the  injection  there  was 
some  redness  at   the  point   <>f  iiniciiiaii.ni.  but   no  other  signs  until  Octobei 
(sixth  day),  when  the  skin  area  corresponding  with  the  lnrati.ui  of  the  injection 
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itched  intensely  and  an  urticarial  rash  G  to  7  cm.  in  diameter  appeared  there.  The 
following  morning  (seventh  day)  the  urticaria  spread  to  the  groins,  inner  aspects 
of  thighs  and  the  scalp.  By  noon  almost  all  parts  of  the  hody  above  the  knees 
were  involved.  While  the  pain  and  discomfort  were  severe,  there  were  no  other 
symptoms  until  1.30  p.  m.,  when  he  was  awakened  from  a  siesta  by  a  feeling  of 
intense  depression  as  though  fainting.  The  pulse  could  not  be  detected  at  the 
wrist.  Yawning  or  sighing  was  frequent.  A  few  minutes  later  the  pulse  was 
found  to  be  46,  the  features  ashy-white,  there  was  cold  perspiration  and  an  intense 
feeling  of  prostration.  During  the  afternoon  periods  of  intense  stinging  or 
tingling  of  the  skin  with  tremendous  edema  of  the  scalp,  lips,  forehead  and  body 
were  followed  by  attacks  of  prostration  and  feeble  pulse.  Each  period  lasted 
about  fifteen  minutes.  There  were  also  small  circumscribed  patches  of  pain  in 
the  epigastrium,  eosophagus  (?)  and  right  chest  below  the  right  nipple.  On 
swallowing  a  glass  of  water  on  one  occasion,  it  appeared  that  there  was  some 
swelling  of  the  mucosa  of  the  esophagus,  for  there  appeared  to  be  some  resistance 
to  the  passage  of  fluid.  During  the  afternoon  attempts  at  rising  and  walking  a 
few  steps  were  quickly  followed  by  fainting  sensations  and  hallucinations  of  vision. 
Strychnin  sulphate  1/30  gr.  was  administered  hypodermatically  in  the  left  arm 
and  the  arm  remained  very  tender  and  sore  for  two  day-.  The  intense  itching 
kept  up  during  the  night  but  there  was  no  distress  or  prostration.  On  October  25 
there  was  some  urticaria  of  the  legs,  particularly  the  soles  of  the  feet.  The 
patient  could  not  sit  up  without  discomfort.  Large  urticarial  wheals  appeared 
on  the  neck  in  the  afternoon  and  there  was  some  general  neuralgia-like  pain. 

October  26 :  During  the  night  there  were  large  patches  of  urticaria  on  the 
knees  and  during  the  day  backache  and  neuralgic  pains  all  over  the  body.  It 
appeared  to  the  patient  that  the  spells  of  depression  or  prostration  were  to  some 
extent  averted  if  the  desire  to  scratch  the  areas  of  urticaria  were  controlled. 

October  27  to  30:  Patient  felt  weak,  the  muscles  were  sore  and  he  had  a  hag- 
gard look.  November  1:  General  feeling  of  well-being  returned.  November  2: 
A  papular  rash  that  itched  or  tingled  slightly  appeared  on  the  breast  and  sides 
of  chest  from  the  fourth  to  the  eighth  ribs.  This  rash  remained  for  three  or 
four  days. 

Case  2. — H.  W.,  negro,  native  of  Grenada,  ward  attendant.  He  received  an 
injection  of  horse  serum  June  23,  1905.  The  secondary  injection  was  received 
Oct.  18,  1911.  Erythema  at  the  point  of  inoculation  was  noted  October  19.  On 
the  night  of  the  twenty-sixth  urticaria  appeared  and  the  patient  awoke  on  the 
morning  of  the  twenty-seventh  at  2  a.  m.,  feeling  '•'stifled."  He  took  a  drink  of 
water  and  became  covered  with  sweat.  Could  not  go  on  duty  this  morning  and 
remained  off  duty  the  twenty-eighth  and  twenty-ninth.  Sticking  pains  in  the 
chest  were  felt  on  the  night  of  the  twenty-sixth  and  twenty-seventh.  Fainting 
sensations  were  experienced  on  getting  out  of  bed  or  on  taking  an  erect  position 
after  stooping  over.  On  October  30"  he  returned  to  duty  and  for  two  or  three 
days  felt  weak  and  sore  in  all  his  muscles. 

H.  C.  C,  who  also  developed  symptoms  of  serum  disease,  was  exposed  to  the 
case  of  plague  of  Oct.  17,  1911,  and  received  on  October  18,  10  c.c.  of  Yersin's 
antipest  serum.  October  20,  local  ("specific")  urticaria  appeared  at  the  site  of 
inoculation.  October  26  there  was  swelling  of  the  arms,  face  and  hands  with  more 
urticaria  at  the  point  of  inoculation,  and  slight  vertigo  on  rising. 

H.  C.  C.  had  received  horse  serum  previously;   September,  1906,  5  c.c.  +  — 

diphtheria  antitoxin.    September,  1906,  5  c.c.  -\ diphtheria  antitoxin.     October, 

1906,  15  to  20  c.c.  -) diphtheria  antitoxin. 

Shortly  after  the  October  (1906)  injection  local  urticaria  of  the  thigh  appeared, 
and  ten  days  after  the  injection  of  serum  there  was  tremendous  universal  edema, 
with  edema  of  the  throat  and  larynx,  causing  some  anxiety  among  his  confreres. 
Between  October.  1906,  and  April,  1907,  he  received  diphtheria  antitoxin  several 
times,  and  on  one  occasion  had  a  measles-like  rash. 
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In  this  small  series  of  cases  of  anaphylactic  serum  disease,  only  three 
of  the  seventeen  individuals  receiving  serum  experienced  any  symptoms 
of  serum  disease,  and  each  one  of  these  three  persons  had  previously  been 
sensitized  by  injections  of  horse-serum.  S.  T.  D.  and  H.  W.  six  years 
and  four  months,  and  H.  C.  C.  five  years  previously.  On  this  last  occasion, 
II.  <  .  C.  had  a  late  "immediate"'  (?)  and  an  "accelerated"  reaction. 
S.  T.  D.  had  an  "accelerated"  reaction  and  H.  W.  had  a  late  "accelerated" 
reaction. 

Considering  the  fact  that  the  only  individuals,  who  suffered  from 
serum  disease  were  those  who  had  been  sensitized  by  previous  injections 
of  horse-serum,  and  on  account  of  the  very  disagreeable  symptoms  and 
consequent  loss  of  time  from  business,  together  with  the  doubtful  value 
of  Yersin's  serum  in  preventing  or  aborting  an  attack  of  plague,  its  indis- 
criminate use  for  the  immunization  of  contacts  is  considered  inadvisable. 


THE  PATHOGENESIS  OF  PURPURA  HEMORRHAGICA  WITH 

ESPECIAL  REFERENCE  TO  THE  PART  PLAYED 

BY    BLOOD-PLATELETS* 

WILLIAM  W.  DUKE,  M.D. 

KANSAS  CITY,  MO. 

The  hemorrhagic  diathesis  of  chloroform  and  phosphorus  poisoning 
is  without  doubt  due  to  a  deficiency  of  fibrinogen  in  the  blood  and  that 
of  a  type  of  melena  neonatorum  to  a  retarded  rate  or  complete  failure 
of  blood  coagulation.  The  hemorrhages  of  jaundice  and  hemophilia  can 
perhaps  be  accounted  for  by  abnormal  blood  coagulation,  although  proof 
of  this  is  not  so  clear  as  in  the  former  diseases.  The  disease  with  which 
I  shall  deal  in  this  paper,  namely  purpura  hemorrhagica,  has  apparently 
an  entirely  different  pathogenesis  and,  it  is  believed,  is  due  wholly  or 
partly  to  an  almost  complete  absence  of  platelets  from  the  blood. 

HISTORICAL    REVIEW 

That  the  number  of  platelets  in  the  blood  is  reduced  in  purpura 
hemorrhagica  was  first  observed  in  1887  by  Denys,  a  histologist,  and 
later  by  Hayem,  the  discoverer  of  blood-platelets.  Denys1  reported  three 
cases  in  which  platelets  could  hardly  be  found  in  fresh  blood  films. 
Hayem,2  in  three  cases  of  idiopathic  purpura  hemorrhagica,  made  counts 
of  89,900,  62,000  and  41,000,  and  in  two  cases  of  symptomatic  purpura 
hemorrhagica  reported  with  Bensaude,3  noted  a  scarcity  of  platelets  in 
blood  films.  Bensaude  and  Rivet,4  working  in  Hayem's  clinic,  studied 
stained  and  fresh  blood  films  in  five  cases  of  chronic  purpura  hemor- 


*Submitted  to  Archives  for  publication  July  23,  1912. 

*Results  reported  in  brief  before  tbe  Johns  Hopkins  Medical   Society,   Feb. 
19,  1912. 

1.  Denys,  J.:  (a)  etudes  sur  la  coagulation  du  sang  dans  un  cas  de  purpura 
avec  diminution  considerable  des  plaquettes.  La  Cellule.  1887,  iii;  (b)  Un  nou- 
veau  cas  de  purpura  avec  diminution  considerable  des  plaquettes.  La  Cellule. 
1889,  v;  189;  (c)  Blutbefund  und  Culturversuehe  in  einem  Fall  von  Purpura 
hamorrhagica.    Centralbl.  f.  Path.  u.  path.  Anat.,  1893,  iv,  174. 

2.  Hayem,  G. :   Du  purpura,  Presse  m6d.,  1895,  233. 

3.  Hayem,  G.,  and  Bensaude,  R. :  (a)  Leucemie  aigue  a  forme  de  purpura 
hemorrhagique.  Non-retractilit§  de  caillott  sanguin.  Bull,  et  mem.  Soc.  m§d.  d. 
h6p.  de  Paris,  Feb.  13,  1903;  (b)  Sur  la  non-retractilite"  du  caillot  et  l'absence  de 
formation  de  serum  dans  la  variole  hemorrhagique  primitive.  Mechanism  des 
hemorragies.  Soc.  de  biol.,  Jan.  19,  1901. 

4.  Bensaude,  R.,  and  Rivet,  L.:  Les  formes  chroniques  du  purpura  h§mor- 
ragique,  Arch.  gen.  de  me"d.,  January,  1905. 
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rhagica  and  stated  that  the  plate''  reduced  in  number.     Coe,8  in 

five  eases  of  liemorrhagic  diathesis,  found  a  reduced  number  of  plate 
Three  of  his  counts  were  29,000,  22,000  and  25,000.  The  other  determi- 
nations were  made  by  examining  stained  blood-smears:  Belber"  observed 
a  case  of  purpura  hemorrhagica  in  which  the  platelet  count  was  40.000. 
Ehrlich7  and  Miiller8  each  report  having  seen  a  case  similar  to  tl  - 
reported  by  Denys.  Pratt.''  in  a  case  of  purpura  hemorrhagica  com- 
plicating nephritis,  made  a  count  of  9,000.  Selling,10  in  studying  purpura 
s  a  complicating  hcnzol  poisoning,  found  in  one  instance  a 
platelet  count  of  3,000.  In  another  he  noted  an  almost  complete  absence 
of  platelets  from  blood-smears.  Matthews  and  Carpenter,"  in  a  convales- 
cent case  of  purpura  hemorrhagica  found  the  count  to  be  18,700.  Larra- 
bee,1-  in  two  cases  of  hemorrhagic  diathesis  in  aplastic  anemia,  Found  a 

:ity  of  platelets  in  bl l-smears.  In  a  previous  paper13  I  reported  U 

cases  of  severe  hemorrhagic  diathesis  in  which  platelet  counts  math  during 

periods  in  which  pathologic  hemorrhage  was  presenl  were  all  below  32,000. 

In  each  of  these  cases  a  large  number  of  platelets  were  introduce^  into 

the  circulation  by  direct  transfusion  of  blood.     Immediate  and  complete 

relief  followed  this  procedure  and  persisted  until  the  platelets  introduced 

had  disappeared.     When   the  counts    reached   their  previous   low   li  . 

hemorrhage  returned.    The  period  of  r<  lii  E  was  attributed  directly  to  the 

ised  number  of  the  blood-platelet-. 

A   f^-\y  low  platelet  count-  have  been  reported  in  patients  in  whom 

diathesis  was  nol  evident.    Osier,14  Riess16  and  others  have 

found  them   reduced   in  pernicious  anemia:  Determann,16  in  a  case  of 

nephritis   (88,000)   and   in  a  case  of  pneumonia    (10.000).     Low  count- 


5.  <  oe,  -I.  V:  The  Treatment  of  Purpuric  Conditions  and  Hemophilia.  .Four. 
Am.  Med.  Assn.,  1906,  xlvii,  1000. 

•;.  Helber,  E.:  Ueber  <  1  i<-  Zahlung  der  blutplattchen  im  Blute  des  Menschen 
limi  ihr  Verhalten  I"  i  pathologischen  Zustanden.  Deutsch.  Arch.  f.  klin.  Med., 
Ivwi.  317. 

7    Ehrlich:  Die  Anamie,  1898,  134. 

B.  Mtiller,  II.  F.:  Ueber  einen  bisher  nicht  beobachteten  formbestandteil  ilcs 
Blutes.     <  entralbl.  f.  allg.  Path.  u.  path.  Anat.,  1896,  \ii.  No.  13,  p.  531. 

9.   Pratt    ■(.  II.:   Osier's  Modern   Medicine,   1907,  iv,  p.  681. 
In.  Belling,  L.:  A  Preliminary  Report  of  Some  (  ases  of  Purpura  Hemorrhagica 
Due  i"  Benzol  Poisoning.     Bull.  Johns  Hopkins  ll<>-p..  li'lir.  wi.  33. 

1 1 .  Matthews,  A.  C,  and  Carpenter,  II.  P.:  Purpura  Hemorrhagica  with  Report 
oi  an  Atypical  <  ase.     Am.  Jour.  Med.  Be,  July,  1911. 

12.  Larrabei    R   '       Aplastic  Anemia,  with  Report  of  a  Case.     Am.  Jour.  Med. 
Be,  July,  I'M  i. 

13.  Duke,  W.  \\.:   The   Relation  of   Blood   Platelets  to  Hemorrhagic  Dii 
Jour.    \m.  Med.  Assn.,   1910,  Iv,   1 185 

1  I.  Osier,  William:  <  ited  bj   Ri<  --.  Note  15. 

15,  i:  i       Bi  nerkungen   Qber  die  Zerfallskttrperchen  des   Blutes  und   ihr 
Lltniss  zur    Anamie.     Berl.  klin.  Wchnschr.,  1879,  svi,  I 

16.  Determann:   Klinische  Untersuchungen  Uber  Blutplattchen.     Arch.  f.  klin. 
Med 
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have  also  been  found  in  lymphocytic  leukemia,  aplastic  anemia  and 
typhoid  fever.  Hayem,  Eiess,  Wright  and  Kinnicutt  and  others  found 
the  platelet  count  reduced  during  the  febrile  period  of  several  acute 
diseases.  Hayem  states  that  his  lowest  counts  were  in  cases  of  purpura 
hemorrhagica. 

GENERAL   CONSIDERATIONS 

It  was  seen  early  in  this  work  that  patients  with  purpura  hemorrhagica 
of  the  type  associated  with  an  enormously  reduced  platelet  count  had  a 
tendency  to  bleed  from  every  trivial  abrasion  of  the  skin  or  mucous 
membranes.  Frequently  it  was  noticed  that  a  patient  bled  for  hours  from 
a  prick  in  the  lobe  of  the  ear  or  from  a  mere  scratch  on  the  skin.  In 
some  cases  even  the  chewing  of  coarse  food  caused  the  gums  to  bleed. 
A  slight  blow,  or  even  the  rubbing  or  scratching  of  the  skin,  resulted  in 
the  formation  of  ecchymoses.  Patients  entering  the  hospital  with  severe 
symptoms  were  improved  by  the  avoidance  of  all  possible  injury.  In  some 
cases  extensive  purpura  cleared  and  hemorrhage  from  mucous  membranes 
stopped  almost  completely  following  simple  rest  in  bed.  That  there  was 
little  or  no  change  in  the  general  condition  to  account  for  this  improve- 
ment was  evidenced  by  the  fact  that  a  prick  in  the  lobe  of  the  ear  would 
bleed  for  several  hours..  It  seemed  obvious  that  the  observation  of  symp- 
toms alone  would  lead  to  false  conclusions  as  to  the  severity  of  hemor- 
rhagic diathesis.  It  was  several  times  noted,  for  example,  that  ambulatory 
patients  with  the  disease  in  mild  form  displayed  more  purpura  and  more 
profuse  hemorrhage  from  mucous  membranes  than  the  severer  hospital 
cases.  For  this  reason  conclusions  in  this  study  have  been  based  but 
partly  on  symptoms  shown  by  the  patient.  More  reliable  data  was 
gained  by  observing  their  tendency  to  bleed  from  fresh  cuts.  This  was 
studied  by  a  means  outlined  briefly  by  me  in  a  previous  paper13  and  called 
"the  bleeding  time." 

THE    BLEEDING    TIME 

The  bleeding  time  is  determined  as  follows :  Make  a  small  cut  in  the 
lobe  of  the  ear.  At  half  minute  intervals  blot  up  on  absorbent  paper  all 
the  blood  which  has  flowed  out.  This  gives  a  series  of  blots.  Each  blot 
represents  the  volume  of  blood  flowing  out  in  its  respective  half  minute. 
From  the  rate  of  decrease  in  the  size  of  the  blots  one  can  see  at  a  glance 
the  rate  of  decrease  in  the  intensity  of  the  hemorrhage.  The  duration 
of  such  a  hemorrhage  is  called  the  bleeding  time. 

On  first  thought  one  might  believe  that  the  bleeding  time  depends 
largely  on  the  size  of  the  cut.  This,  however,  within  certain  limits,  is  not 
the  case.  Figure  1  (a,  b,  c)  are  three  normal  bleeding  times  obtained 
from  cuts  of  different  sizes.  The  blots  obtained  from  the  largest  cut  (c) 
decrease  in  size  even  more  rapidly  than  those  obtained  from  the  smallest 
cut  (a).  If  hemorrhage  from  these  cuts  can  be  considered  capillary 
hemorrhage,  it  is  evident  that  a  large  number  of  capillaries  stop  bleeding 
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;i-  rapid!  small  number.     In  marked  contrast  to  the  above  is  the 

prolonged  (deeding  time  shown  in  Figure  2.  This  bleeding  time  was 
obtained  from  the  smallest  needle  prick.  The  twentieth  blot  is  practically 
as  Large  -  the  first.  Such  a  hemorrhage  has  been  known  to  continue  for 
more  than  two  hours. 

When  the  blots  decrease  rapidh  in  size  the  bleeding  time  is  considered 
normal  (one  to  three  minutes).  When  they  decrease  more  slowly  in  Bize 
and  stop  in  from  five  to  ten  minutes  it  is  considered  slightly  prolonged. 
Such  is  occasionally  seen  in  severe  anemia.  When  the  twentieth  blot  is 
half  the  ?iz<  •!  the  first  the  bleeding  time  is  moderately  prolonged,  and 
when  2      -  th(   first,  is  enormously  prolonged. 

The  bleeding  time  is  practically  never  more  than  slightly  prolonged 
iii  normal  individuals  —  ai  leasl  such  has  been  my  observation  duii;  _ 
period  of  three  year.-. 

I  fc  is  prolonged  in  -nine  types  of  hemorrhagic  disease  and  nut  in  otln  rs. 
II  i      •  ash  prolonged  in  chloroform  poisoning  when  the  decrease  in 

the  fibrinogen  content  of  the  blood  is  great.  It  is  also  enormously  pro- 
longed in  purpura  hemorrhagica  of  the  type  associated  with  a  reduced 
platelet  count.  In  these  two  diseases  the  bleeding  time  gives  reliable 
informati  >b  as  to  the  Beverity  of  the  hemorrhagic  diathesis.  It  usually 
ranges  from  twenty  minutes  to  several  hours  when  the  symptoms  are 
i,  and  drops  to  normal  the  moment  the  condition  is  relieved. 

_  time  in  my  experience  is  normal  in  all  forms  of  purpura 
simp  Observations  have  hem  made  on  patients  with  the 

following  varieties  of  purpura  simplex:  idiopathic  purpura  simplex; 
purpu  i  -  i  larj  to  nephritis  and  septicemia;  purpura  rheumatica; 
Henoch's  iy  ;  senile  purpura;  cachectic  purpura,  and  pur- 

pura 2      segmental  distribution.    Observations  have  been  made  on 

patients  jaundice  associated  with  a  normal  coagulation  time  ami  do 

hemorrh   \  ■  a  slightly  delayed  coagulation  time  and  severe  purpura 

liemoiri..  .,,!    wit  I i    an   enormously   prolonged    coagulation    time 

(thirty  i  mutes  and  more)  with  and  without  evidence  of  pathologic 
hemorr  all  the  above  patients  the  bleeding  time  was  Less  than 

three  i.    The  platelet  count  was  normal  or  slightly  Increased. 

Ling  tim^  is,  therefore,  limited  in  its  usefulness  and  can  be 

empl  in  certain  types  of  disease  only. 

oi  in  i;     U  I  THODS 

Tin  time  was  determined  by  a  simple  method  described 

b      u  .    0U8   pap 

Tl  n  content  of  the  blood  in  human-  was  estimated  roughly 

by  ol  '  ness  of  blood-clots.     It  was  estimated  quantitatively 

17    Iimi      \\    \\ . :    \  Simple  instrument  for  Determining  the  Coagulation  Time 

LBCHIVES    I  \  i.    Mm.  .    I.  In  n.o  \  .    1012.   i\.  258. 
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in  dogs  by  a  heat  precipitation  method  as  described  by   Whipple   and 
Hnrwitz.18 

Retractility  of  the  clot  was  studied  as  by  Hayem.-- 10  Two  c.c.  of  blood 
were  collected  in  a  small  test-tube  and  allowed  to  stand  at  room  tem- 
perature for  forty-eight  hours.  Normally  the  clot  separates  itself  in  a 
short  time  from  the  sides  of  the  vessel  containing  it  and  extrudes  serum. 


Fig.  1. — Normal  bleeding  time 
from  very   large  cut. 


A.  from  small  cut;    B.  from  larger  cut;   C, 


Under  certain  pathologic  conditions   retraction    fails   to  take  place  and 
little  or  no  clear  serum  can  be  seen. 


IS.  Whipple.  G.  H..  and  Hurwitz:   -Tour.  Exper.  Med.,   1911,  xiii.   136. 

19.  Hayem,  G. :  Du  Caillot  non  retractile:  Suppression  de  la  formation  du 
serum  sanguine  dans  quel  que  etat>  patbologique.  Compt.  rend.  Acad.  d.  sc.  1896, 
exxiii,  89  i.     <  'ited  by  Bensaude. 
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The  platelel  counts  were  made  by  Wright  and  Kinnicut's  method,20 
with  precautions  mentioned  by  me21  in  .1  previous  paper.  This  method 
presents  several  advantages  over  other  methods,     h  is  simple  and  can  be 

carried  out  with  the  ordinary  1*1 1  pipets  and  counting  chamber.     The 

platelets  are  stained  by  the  diluting  fluid  and  thus  rendered  easily  recog- 
nizable. The  red  i  ells  are  laked.  The  limit  of  error  in  counting  platelets 
is  somewhal  greater  than  in  red  or  white  cell  count-.  The  pathologic 
variation  in  the  platelel  couni  is  so  great,  however,  thai  an  error  of  li> 
to  20  percent,  may  be  considered  negligible. 


*    •     •     • 

•  M       %  * 

#         ♦  ft 

*  ft  • 


Figure  2. 

The  following  counts  were  made  in   lour  normal   individuals: 

Table   I.     Nohmai    Pi.atki.ki    Counts   is    Foi  b   [xdividi  ixs 
Date  I 

Maj       !i    -1~:>.  000 

Maj     In 

Maj     II     

\!.i\     12    221 

Maj     13 

Maj    M    

Maj    15   

Maj    16  225.000 

Maj    17 

Maj    is 

Maj    I!'  230,000 

Maj    1"  225,000 

Maj    l\ 

Maj    22  196.000 

Muj    23  •-'- 

May  24  24 

Higliet.1   couni  275,000 

Lowest   couni  196 

\mi  age  couni  _'•-  1,000 

20.   W  i  ight,  .1.    II..   and    Kinnicutt,    l: 
Blood  Platelets  for  Clinical  Purposes.     Joui     \m.  Med.    Usn.,  1911.  Ivi,  1457" 

•i     Duke,  W.  W.:     The  rate  of  regeneration  of  blood  platelets.    Jour,  of  Exper 
Med.,   mi  I.  \i\     !6fi 


II 

III 

l\ 

295,000 

290,000 

315,000 

300,000 

280. i 

2  10.1 

280, 

■ 

270,1 

190,000 

300,000 

300,000 

220,000 

2  in. nun 

350, 

275,000 

i  on  ooo 

!6I 

inn. nun 
250,000 

3 ' 

Urn. Ill  HI 

3  l.i. m in 

2  in. nun 

■J.'iO. 

100.000 

26  1. in  in 

306  000 

'  1]  
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REPORT    OF    CASES 

In  the  following  study  an  effort  was  made  to  find  some  relationship 
between  hemorrhagic  diathesis  and  the  condition  of  the  blood.  Hemor- 
rhagic- symptoms,  the  bleeding  time,  the  platelet  count  and  blood  coagu- 
lation were  studied  in  all  cases  which  displayed  a  pathologic  tendency  to 
bleed,  seen  during  the  past  three  years.  In  many  of  the  cases  no  abnor- 
mality of  the  blood  could  be  discovered.  In  a  certain  group,  however, 
the  platelet  count  was  constantly  and  enormously  reduced.  This  group 
differed  in  many  respects  from  the  group  having  normal  counts;  in  fact, 
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-(  hart    of   Case    1. 


it  became  possible  from  the  history  and  examination  of  a  patient  with 
well  marked  hemorrhagic  diathesis,  to  correctly  predict  whether  the  plate- 
let count  was  aboul  normal  or  was  greatly  reduced.  Subsequent  discussion 
will  be  confined  to  the  platelet-free  group  of  cases,  a  detailed  report  of 
thirteen  of  which  is  as  follows: 

(ask  1. — Idiopathic  purpura  hemorrhagica  with  result  of  transfusion.  (Case 
observed  in  the  Massachusetts  General  Hospital,  Boston,  for  more  complete  report 
of  \\  hicb  see  reference  13.) 
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History.  S  M..  man  aged  -J"».  tailor.  Family  and  past  history  unimportant. 
For  four  days  before  admission  to  the  hospital  the  patient  suffered  from  malaise, 
epistaxis,  bleeding  from  the  gums,  hematuria,  melena  and  had  noticed  a  purpuric 
rash.  Results  of  physical  examination  unimportant  except  for  pallor  and  a 
generalized  tine  petechial  rash.  Petechias  were  -.•en  even  on  the  conjunctiva, 
mucous  membrane  of  the  mouth,  Mm-  soles  of  tli«'  feet. 

Laboratory  Examination. — Stools  ami  mint'  not  remarkable  excepl  that  thev 
contained  a  considerable  quantity  <>t'  bl 1. 

Platelet  count  6,000.  Bleeding  time  60  minutes.  Coagulation  time  normal 
5   minutes  i .     <  !lot    firm  and  non-retractile. 

Leukocytes  varied  from  2,400  to  7,000.  Polymorphonuclears  80  per  cent,  to 
86  per  cent.  Remainder  mainly  lymphocytes.  <>i.<'  blast  seen.  Erythrocytes  on 
admission  3,264,000.  Hgb.  50  per  cent.  Sahli.  Appearance  of  red  cells  normal. 
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funis,  ,,i  Hi.   Disease.     The  sympl sand  laboratory   findings  were  practically 

unchanged  during  tli<-  first   four  days  in  the  hospital.     <  »n  the  fifth  <la\   a  direct 

transfusion  of  bl I  «;i-  successfully  carried  out  bj   Dr.  I'.  T.  Murphy.     Following 

this  there  was  complete  cessation  ol  all  hemorrhage  and  the  purpuric  Becks  began 
'"  fade.     The  platelet  count   was  increased  bj    transfusion  t<>   123,000.     The  bleed 
ing  time  was  reduced  t<>  normal.     Die  coagulation  time  »;i-  unchanged.    The  clot 
■  1 1  .i.i  ii.-. 

Hi"  n ii m.i ..  j   of  platelets  in  the  hi I  decreased  rapid);   after  transfusion,  and 

■  ■ii  about   the  fourtli  daj    reached   ii-  previous   l"\\    level.      \t   this  time  epistaxis 
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began  again  and  fresh  blood  appeared  in  the  stools.  The  bleeding  time  was  again 
enormously  prolonged.  The  coagulation  time  was  unchanged.  The  clot  was  again 
non-retractile. 

This  condition  continued  practically  unchanged  for  six  days.  On  the  seventh 
dny  there  was  complete  cessation  of  epistaxis  and  there  was  no  more  blood  in  the 
stools.  Platelets  were  present  in  the  blood  in  abundance.  The  bleeding  time  was 
i.ormal.     The  coagulation  time  was  unchanged.     The  clot  was  normally  retractile. 

Xo  purpura  appeared  during  the  second  hemorrhagic  period.  The  patient, 
during  the  following  year,  had  no  return  of  hemorrhage. 

Case  2. — Chronic  intestinal  bleeding  in  a  boy  v:ith  chronic  ulcerative  colitis. 
Results  of  transfusion.  (Case  observed  in  the  Massachusetts  General  Hospital, 
Boston,  for  more  complete  report  of  which  see  Reference  13.) 

History. — A.  C,  boy,  aged  8.  Family  history  negative.  Since  the  age  of  2 
the  patient  had  suffered  almost  continually  from  diarrhea.  For  four  periods  of  a 
month  or  less,  the  stools  contained  considerable  blood.  The  stools  had  contained 
blood  for  more  than  a  month  before  admission  to  the  hospital  and  the  patient  was 
pale  and  weak.  Physical  examination  was  unimportant  except  for  pallor.  There 
were  no  ecehymoses  and  no  bleeding  from  normal  mucous  membranes  while  under 
observation.    The  stools  contained  mucus  and  pus  and  considerable  fresh  blood. 

Laboratory  Examination. — Platelet  count  32,000.  Bleeding  time  moderately 
prolonged  (20  minutes).  Coagulation  time  5  minutes;  clot  firm;  retractility 
diminished. 

Leukocytes  2,200  to  4,700.  Polymorphonuclears  40  per  cent,  to  60  per  cent. 
Remainder  mainly  lymphocytes.  Erythrocytes  1,000,000.  Hgb.  20  per  cent.  Ap- 
pearance of  reds  normal.    Xo  blasts. 

Course  of  the  Disease. — Symptoms  and  laboratory  findings  continued  unchanged 
for  seven  days.  On  the  eighth  day  direct  transfusion  of  blood  was  successfully 
carried  out  by  Dr.  Hugh  Cabot.  The  platelet  count,  made  just  after  transfusion, 
was  89,000.  The  bleeding  time  was  normal.  The  coagulation  was  unchanged. 
The  clot  was  normally  retractile. 

The  platelet  count  decreased  steadily  after  transfusion,  and  on  the  fourth  day 
had  reached  its  previous  low  level.  The  bleeding  time  was  then  again  prolonged. 
Conditions  continued  about  the  same  until  the  boy's  death,  several  weeks  later. 

Comment :  This  case  is  of  interest  in  showing  a  striking  difference 
between  the  effect  of  transfusion  on  normal  and  pathologic  hemorrhage. 
The  amount  of  blood  in  the  stools  was  increased  by  transfusion  in  spite 
of  the  fact  that  the  general  tendency  to  bleed,  as  shown  by  the  shortening 
of  the  bleeding  time,  was  less  marked.  The  intestinal  hemorrhage,  as 
shown  by  autopsy,  proceeded  from  extensive  intestinal  ulcerations  and 
cannot,  therefore,  be  considered  entirely  pathologic  hemorrhage.  The 
increased  hemorrhage  following  transfusion  was  thought  to  be  due  to  the 
increased  filling  of  the  blood-vessels. 

Case  3. — Severe  purpura  hemorrhagica  in  a  man  with  phthisis.  (Case 
observed  in  Professor  Romberg's  clinic,  Tubingen.) 

History. — W.  F.,  man  aged  26,  a  weaver.  Family  history  good.  Past  history 
negative  except  for  attacks  of  migratory  polyarthritis  at  the  ages  of  17  and  19. 
At  the  age  of  16  and  21  he  had  nose-bleed  for  a  short  time.  For  five  months  he 
had  had  symptoms  of  phthisis  and  was  in  the  hospital  for  this. 

Physical  Examination. — The  patient  was  the  picture  of  rather  advanced 
phthisis.  There  were  signs  of  considerable  consolidation  and  possible  cavity  for- 
mation at  both  lung  apices.  The  fingers  were  moderately  clubbed.  The  daily 
temperature  varied  from  36  to  38  C. 
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Illness. — Oil  May  13  the  platelet  count  made  as  routine  was  210.000, 
and  the  bleedii:_r  time  was  normal,  lour  days  later,  without  other  change  in 
symptoms,  the  patient  had  profuse  epistaxis  and  bleeding  from  the  gums.  lie  had 
continued  bleeding  from  a  hang  nail  on  the  thumb,  also  hematuria,  melena,  and 
hemorrhages  from  acne  lesions  on  the  face.  A  lino  petechial  rash  was  present  on 
the  abdomen  and  logs.     The  slightest  rubbing  brought  out  new  flecks. 

ry  Examination. — The  bleeding  time  was  enormously  prolonged  (over 
two  hours).  The  platelet  count  was  4,000.  Coagulation  time  normal  (5  inin.  i. 
clot  firm  and  non-retractile.  Leukocytes  19,000.  Polymorphonuclears  74  per  cent. 
Lymphocytes  16  per  cent.  Eosinophils  10  per  cent.  Basophils  0  per  cent.  No 
blasts.    Reds  normal  in  appearance,  size  and  shape.  Hemoglobin  80  pei  -  thli. 

Urine  and  stools  normal   except  for  the  presence  of  fresh   blood.     Sputum  con- 
tained many  tubercle  bacilli. 

Course  of  the  Disease. — On  the  following  day  no  platelets  could  be  found, 
either  in  stained  smears  or  in  counting  chambers.  Their  presence,  in  small  num- 
bers, was  demonstrated,  however,  bj   examining  the  undiluted  plasma  by  Burker*s 

Table  2. — Results  of  Daily  Examination  of  Blood  in  Case  3 


Date 

Platelet    Count 

Bleeding  Time 

Hemorrhages 

May    14 

210,000 

Norma  1 

None 

17 
18 

Severe 

4,000 

Extreme    delay 

Severe 

19 

Below   1.000 

Extreme    delay 

Severe 

20 

10.000 

Extreme   delay 

Severe 

21 

Below   1.000 

Extreme   delay 

Severe 

"        22 

110,000 

Normal 

None 

23 

210,000 

Normal 

None 

24 

295,000 

Normal 

None 

26 

385,000 

Normal 

None 

27 

620,000 

Normal 

None 

28 

550,000 

Normal 

None 

30 

720,000 

Normal 

None 

June     1 

720,000 

Normal 

Noif 

7 

640,000 

Normal 

None 

12 

100,000 

Normal 

None 

17 

600,000 

Normal 

None 

method.  Fibrin  was  present  in  abundance  in  this  preparation  and  consisted  of 
thick  fibrils.  There  was  no  change  in  either  Bymptoms  or  laboratory  findings  until 
May  22,  when  all  hemorrhages  ceased  as  suddenly  as  they  bad  Bel  in.  The  platelet 
count  had  suddenly  increased  to  110,000.  The  bleeding  time  had  dropped  to 
normal.  The  coagulation  time  was  nol  noticeably  changed.  The  clol  was  normally 
retractile.     During  the  two  months  following  there  was  no  further  bleeding. 

The   result-  of   tie'  daily  e\a  lu  i  na  t  i<  uis   are  eoiit.iie.l    in    Table   2. 

t      Idiopathic   purpura    hemorrhagica.      (Case   observed    in    Professor 
Riehl's  clinic,  Vienna,  i 

//,  /  Family  history  unimportant.    Scarlet 

fever  at   10\  Bore  tl  !1;  no  other  illnesses.     For  the  four  days  previous  to 

admission  to  the  hospital  the  patienl  bad  been  troubled  with  epistaxis  and  had 
noticed  a  purpuric  rash.     History  otherwise  negative. 

\  well  developed  and  nourished  man.     Except  for  fine 
petechia   scattered  over   face,  body,   legs  and   arms,  nothing  of  importance  was 
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Laboratory  Examination. — For  the  platelet  count  and  bleeding  time,  see 
Table  3.  Coagulation  time  normal.  Clot  firm  and  non-retractile.  White  count 
varied  from  3,000  to  13,000.  Polymorphonuclears  35  to  50  per  cent.;  remainder 
lymphocytes  with  occasional  eosinophils  and  basophils.  Xo  blasts.  Hgb.  70  to  60 
per  cent.,  Sahli.  Appearance  of  reds  normal.  Urine  and  stools  not  remarkable 
except  for  the  presence  of  a  considerable  quantity  of  blood. 

Course  of  the  Disease. — The  patient  was  under  observation  about  one  month. 
During  this  time  there  was  but  little  improvement.  After  the  first  few  days 
the  stools  and  urine  contained  only  traces  of  Mood.  Numbers  of  fine  petechia? 
appeared  at  frequent  intervals.  Submucous  hemorrhages  appeared  frequently  on 
the  tongue,  gums  and  cheeks,  and  from  these  would  proceed  small  hemorrhages. 
Slight  epistaxis  was  present  a  considerable  part  of  the  time.  The  bleeding  time 
was  always  prolonged — at  some  times  much  more  than  others.  The  shortening  of 
the  bleeding  time  and  amelioration  of  hemorrhage  bore  possibly  some  relation  to 
variation  in  the  platelet  count.  Counts,  however,  at  a  level  of  10,000  are  none 
too  accurate,  and  it  is  perhaps  unsafe  to  draw  conclusions  from  them. 

Table  3. — Platelet  Count  and  Bleeding  Time  in  Case  4 


Date 

Platelet 
Count 

Prolonged 
Bleeding  Time 

Hemorrhage 

Fresh    Petechia? 
on  Skin 

February — 

25 

Under  1,000 

Extreme 

Much 

Many 

27 

Under  1,000 

Extreme 

Much 

Many 

March 

— 

1 

Under  1.000 

30  min. 

Much 

Xone 

2 

4.000 

Extreme 

Slight 

Xone 

3 

9,000 

7  min. 

Slight 

Xone 

4 

5,000 

Moderate 

Slight 

Mod.  number 

5 

1.000 

Extreme 

Slight 

Mod.  number 

6 

Under  1.000 

Extreme 

Xone 

Mod.  number 

10 

3.000 

Moderate 

Xone 

Xone 

11 

2.000 

Extreme 

Xone 

Xone 

13 

2.000 

Extreme 

Slight 

Xone 

14 

6.000 

12  min. 

Slight 

Xone 

15 

9.000 

10  min. 

Slight 

Xone 

16 

7,000 

8  min. 

Xone 

Xone 

17 

2.000 

Extreme 

Slight 

Many 

18 

6,000 

7  min. 

Slight 

Xone 

19 

Extreme 

Slight 

Many 

20 

Under  1,000 

Moderate 

Slight 

Many 

One  of  the  most  striking  features  of  the  case  was  the  patient's  good  general 
condition  and  freedom  from  symptoms  other  than  hemorrhage. 

Case  5. — Epistaxis  in  a  xcoman  with  phthisis.  (Case  observed  in  Professor 
Romberg's  clinic,  Tubingen.) 

History. — K.,  woman  aged  35,  housewife.  Family  and  past  history  negative 
for  hemorrhagic  disease.  For  several  months  the  patient  had  had  symptoms  of 
rather  rapidly  advancing  phthisis.  For  three  days  she  had  had  epistaxis.  History 
otherwise  unimportant.  Physical  examination  disclosed  considerable  consolida- 
tion at  lung  apices  with  possible  cavity  formation.  Nothing  further  of  importance. 
Daily  temperature  varied  from  37  to  40  C. 

Slight  epistaxis  continued  for  four  days  and  then  ceased.  This  and  the  pro- 
longed bleeding  time  were  the  only  evidences  of  hemorrhagic  diathesis.  (For  the 
platelet  count  and  bleeding  time  see  Table  4.) 
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hymoses  and  epistaxia  in  a  man   with  aplastic  anemia. 
observed  in  Professor  Riehl'a  clinic.  Vienna.) 

History. — Man,  aged  27.  clerk.  Family  and  past  history  negative  for  hemor- 
rhagic disease.  For  six  months  the  patient  had  been  troubled  with  subcutaneous 
swellings  which  appeared  first  on  the  cheeks  and  later  on  the  lips  and  front  of  the 
chest.  He  had  been  troubled  with  an  occasional  slight  epistaxia  and  had  noticed 
a  discoloration  of  the  skin  over  manv  of  the  tumors. 


Table  4. — Platelet  Count  and  Bleeding  Time  in  Case  5 


Date 

Platelet  Count 

Prolonged 
Bleeding  Time 

'axis 

May    12 

.-.-,.000 

Moderate 

Slight 

13 

5i  i.OOO 

Moderate 

Slight 

15 

65,000 

Moderate 

Slight 

18 

75.000 

Slight 

None 

20 

80,000 

Normal 

Nunc 

23 

M00 

Norma  I 

None 

" 

74.000 

Normal 

None 

June      2 

130,000 

Normal 

None 

12 

150.000 

Normal 

None 

17 

190,000 

Normal 

None  " 

Physical  Examination. — A  pale,  emaciated  man  with  subcutaneous  growths 
involving  mucous  membrane  of  nose  and  lips,  skin  of  checks,  chest  and  abdomen. 
Over  most  of  the  tumors  were  blue  to  yellow  discolorations  of  the  skin.  The 
tumors  were  histologically  cellular  infiltrations  of  Cue  subcutaneous  tissue  of 
unknown  character.     Physical  findings  otherwise  of  no  interest  in  this  connection. 

Laboratory  Findings. — For  platelet  count  and  bleeding  time  see  Table  5.  White 
count  varied  from  7,000  to  about  500.  Of  these  50  per  cent,  to  90  per  cent,  were 
lymphocytes,  the  remainder  polymorphonuclears  with  an  occasional  eosinophil  and 

Table5. — Blood  Fnromoa  in  Cas 


Platelet   Count 

ing  Time 

kocytes 

.     7 
•■ 

"       14 
'■       is 
"      20 
"      2 1 
••      27 
Mch.  11 

22,500 
19,500 

0  1 .51  >0 
177. noo 
216,000 

L80, 

120,000 
165,000 

5  niiii. 
5  min.    - 
2  min. 
1  min. 

1  min. 
1   min. 
1    min. 
1    min. 

2.DO0 

below  1,000 

2.500 
7. nnil 

3,000 
5.000 

5.51)0 

basophil.    No  blasts.    Red  count  3,500,000;  Hgb.  50  per  cent.,  Sahli ;  red  count  and 

did  not  vary  markedly  while  the  patient  \\;i-  under  observation.    Reds  \ 
slightly  in  Bize  and  Bhape.    No  Btippling.  'I  !>'■  urine  and  stools  contained  no  blood. 
/,  During  the  first  few  days  in  (he  hospital  the  patient  had 

;.    after  this,  none.    The  discolorations  of  the  skin  began  to  fade 
a  after  entering  the  hospital.     The  blood-picture  in  this  case  was  of  | 
interest  but  cannot  be  dealt  with  at  length  in  this  paper. 
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Case  7. — Chronic  purpura  hemorrhagica,  in  a  girl  with  prolapse  of  the  rectum. 
(Case  observed  in  the  New  York  Hospital.  See  Reference  13  for  more  complete 
report  of  case.) 

History. — Georgiana,  girl,  aged  3.  One  sister  was  born  with  a  petechial  rash; 
family  history  otherwise  negative.  The  patient  has  several  times  had  prolapse 
of  the  rectum.  Since  the  age  of  19  months  she  has  been  subject  to  nose  bleed  and 
ecehymosis  on  slight  injury.  On  two  occasions  epistaxis  was  so  severe  and  pro- 
longed that  her  life  was  almost  despaired  of.  On  one  of  these  occasiom  direct 
transfusion  of  blood  was  carried  out  by  Dr.  R.  D.  McClure.  Following  this  there 
was  complete  cessation  of  hemorrhage  for  three  days.  On  the  fourth  day  she  had 
slight  hemorrhage  from  the  nose,  vagina  and  transfusion  wounds.  On  one  occa- 
sion a  fine  generalized  petechial  rash  appeared  after  straining  at  stool.  The 
patient  came  under  observation  once  with  varicella.  Each  vesicle  was  surrounded 
by  a  small  subcutaneous  hemorrhage. 

At  the  time  of  the  one  blood  examination,  the  patient  was  subject  to  epistaxis 
and  had  on  her  face  and  body  several  large  ecchymoses.  The  platelet  count  was 
then  below  10,000;  bleeding  time  over  one  hour;  coagulation  time  normal;  clot 
firm  and  non-retractile. 

At  the  time  of  another  examination,  no  evidence  of  hemorrhage  could  be  found. 
Platelets  were  then  present  in  abundance.  Bleeding  time  5  to  10  minutes.  Clot 
retractile. 

Case  8. — Severe  purpura  hemorrhagica  in  child  with  diphtheria.  (Case 
observed  in  Professor  Escherich's  clinic,  Vienna.) 

History. — A.  E.,  boy  aged  6.  Family  and  past  history  negative  for  hemorrhagic 
disease. 

Present  Illness. — For  several  days  before  admission  to  the  hospital  the  child 
had  had  sore  throat.  For  two  days  the  mother  had  noticed  ecchymoses  about  the 
face.     For  one  day  he  had  had  epistaxis. 

Physical  Examination. — The  child  was  extremely  toxic  and  ill.  Examination  of 
the  throat  disclosed  a  typical  diphtheritic  membrane.  On  the  face  were  several 
ecchymoses,  2  to  4  cm.  in  diameter. 

Laboratory  Examination. — Platelet  count  3,000;  bleeding  time  extremely  pro- 
longed: coagulation  time  normal;  clot  firm  and  non-retractile;  white  count  75,000. 

The  patient  died  two  days  later.  Anatomical  diagnosis,  pharyngeal  diphtheria, 
toxic  myocarditis,  toxic  nephritis. 

Case  9. — Chronic  purpura  hemorrhagica  in  a  icoman  with  gastro-intestinal 
trouble.     (Case  observed  in  Prof   von  Noorden's  clinic,  Vienna.) 

History. — J.  W.,  maid  aged  37,  cook.  Family  nistory  negative  for  hemorrhagic 
disease. 

Past  History. — Migratory  polyarthritis  at  age  of  18.  She  has  always  been 
subject  to  attacks  of  tonsillitis.  Since  the  age  of  25  she  has  had  considerable 
stomach  trouble,  especially  during  the  summer  months.  Main  complaints  were 
pain,  usually  at  its  worst  at  night,  anorexia,  nausea  and  vomiting.  She  has  always 
been  troubled  with  constipation  and  has  frequently  seen  mucus  in  the  stools.  Never 
noticed  blood  in  stools  nor  vomitus. 

Present  Illness. — Since  childhood  she  has  been  subject  to  epistaxis  and  ecehy- 
mosis following  slight  injury.  Since  her  stomach  trouble  began  this  tendency  has 
been  much  worse,  and  like  the  stomach  trouble,  is  at  its  worst  during  the  summer 
months.  Has  for  periods  had  epistaxis.  bleeding  from  the  gums,  profuse  menstru- 
ation and  has  been  almost  covered  with  ecchymoses.  When  patient  came  under 
observation  hemorrhagic  symptoms  were  mild.  Main  complaint  was  stomach 
trouble,  constipation  and  menorrhagia.  Physical  examination  disclosed  nothing 
of  importance  except  a  few  small  blue  and  yellow  ecchymoses  scattered  over  the 
body.    The  uterus  was  normal  in  size  and  position. 
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Laboratory  Examination. — Test  meal  not  remarkable  except  for  slight  hyper- 
acidity. Urine  and  st'>ol  not  remarkable.  Platelet  count  9,000.  Bleeding  time, 
twelve  minutes.  Coagulation  time  five  minutes.  Clot  firm  and  non-retractile. 
Leukocytes  9,000.  Polymorphonuclears  '.'l  per  cent.  Lymphocytes  8  per  cent.  No 
blasts.  Hgb.  90  per  cent.  S.  Reds  normal  in  appearance.  One  week  later  the 
platelet  count  was  as  before,  9,000.  The  bleeding  time  was  eight  minutes.  There 
-had  been  no  marked  change  in  the  symptoms. 

Case  10. — Few  ecchymoses  in  a  man  with  alcoholic  cirrhosis  of  the  liver j 
chronic  interstitial  nephritis,  secondary  anemia. 

The  patient,  at  the  time  of  examination,  had  several  ecchymoses  around  the 
knee,  which  had  appeared  without  adequate  cause.  No  other  evidence  of  hernor- 
rhagic  disease. 

IMatelet  count,  50,000.     Bleeding  time  normal. 

i  ask  li. — Hematemesis  in  a  man  nit  It  cirrhosis  of  the  licer. 

At  the  time  of  examination  the  patient  was  vomiting  blood,  and  had  tarry 
stools.     In  this  case  there  was  no  definite  evidence  of  hemorrhagic  disease. 

Platelet  count  60,000.     Bleeding  time  normal. 

Case  12. — Epistaxis  in  a  man  nitli  malignant  syphilis. 

The  day  preceding  the  blood  examination,  the  patient  had  had  severe  epistaxis. 
No  local  cause  for  bleeding  found. 

Platelet  count  65,000.     Bleeding  time  normal. 

A  few  weeks  after  the  above  examination  the  patient  had  tuberculous  peri- 
tonitis. 

ses  10,  11,  12  were  observed   in   Prof.  Romberg's  clinic,  Tubingen.) 

Task  13. — Severe  purpura  hemorrhagica  in  a  man  with  aplastic  anemia  (proved 
at  autopsy.)      (Case  observed  in  private  practice.) 

The  patient  at  the  time  of  examination  had  bleeding  from  the  gums  and  Bevere 
epistaxis.     Several  large  ecchymoses  were  scattered  over  the  body. 

Plates  very  scarce  in  fresh  and  stained  blood-preparations.  Bleeding  time 
moderately   prolonged. 

SUMMARY    OF    CASES 

The  severer  of  the  cases  were  examples  of  purpura  hemorrhagica  and 
presented  the  following  symptom  complex: 

1.  Purpura,  usually  present,  conformed  to  two  distind  types — ecchy- 

es  and  petechias.  The  ecchymoses,  evidently  brought  out  by  mechan- 
ical agents,  such  as  slight  blows,  rubbing,  etc.,  presented  n  varied  appear- 
ance.   In  some  instances  they  were  simply  Bmall  bruises,  in  others  Lai 

fated,  indurated,  blue  to  yellow  areas  over  35  cm.  in  diameter.    Their 
appearance  was  dependent   partly  on  the  nature  of  the  injury  which^ 
brought  them  out,  partly  on  the  intensity  of  the  hemorrhagic  diath 
The  petechias  often  developed  without   local  mechanical  cause.     When 
such  was  th"  case  they  consisted  of  small  flecks.  1  in  :'.  mm.  in  diameter, 
were  more  or  less  uniform  in  size,  had  usually  a  very  general,  and  some- 
times mi  almost  nnivi  tribution.    They  were  observed  even  on  the 
scalp,  soles  of  the  fei  t,  i  onjunctivse,  mucous  membrane  of  the  month,  etc. 
They  were,  as  a  rule,  mosl  abundant  on  the  dependenl  parts  and  in  tl 
Localities  were  frequently  confluent,  forming  flat  blue  to  yellow  flecl 
1  to  '.'  cm.  in  diameter.     Petechias,although  often   appearing  without 

apparent    local  cause,  were  n<>1   entirely  independent    of  mechanical    influ- 
ence.  They  were  frequently  broughl  out  by  rubbing,  scratching,  etc.    In 
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one  patient,  a  fine  petechial  rash  appeared  immediately  after  straining  at 
stool  (Case  7).  A  petechial  rash  was  most  commonly  observed  in  patients 
who  were  up  and  about  and  working,  and  frequently  faded  rapidly  when 
they  were  confined  to  bed.  The  latter  observations  make  it  seem  that 
changes  in  capillary  blood-pressure  play  some  role  in  the  production  of 
this  rash. 

The  appearance  of  the  purpura  was  modified  by  the  co-existence  of 
other  skin  lesions  and  sometimes  gave  rise  to  peculiar  appearances.  For 
example,  in  a  patient  with  chicken-pox  (Case  7),  a  small  area  of  purpura 
surrounded  each  vesicle.  In  a  patient  with  acne  rosacea  (Case  3)  each 
pustule  was  the  site  of  a  small  hemorrhage.  In  a  patient  who  presented 
numerous  peculiar  subcutaneous  tumors  there  was  a  blue  to  brown  dis- 
coloration of  the  skin  over  each  growth  (Case  6). 

2.  The  ecchymoses  were  frequentl}-,  and  the  petechias  almost  always, 
accompanied  by  bleeding  from  one  or  more  mucous  surfaces  —  in  fact, 
epistaxis,  bleeding  from  the  gums,  etc.,  were  the  symptoms  usually  first 
noticed  by  the  patient.  Often  bleeding  proceeded  from  trivial  abrasions 
of  the  mucous  membranes,  sometimes  from  petechias  in  the  mucous 
membrane  and  occasionally  oozed  from  membranes  on  which  no  lesion 
could  be  discovered. 

3.  The  bleeding  time  was  in  all  cases  prolonged,  usually  very  much  so. 
It  exceeded  one  hour,  as  a  rule,  when  symptoms  were  severe,  and  dropped 
to  normal  as  soon  as  the  condition  was  relieved.  This  is  one  of  the  most 
constant  and  distinctive  features  of  this  disease.  It  is  the  consequence 
of  a  tendency  which  these  patients  have  to  bleed  profusely  from  every 
vascular  lesion  no  matter  where  or  how  produced.  For  example,  one 
patient,  with  a  bleeding  time  exceeding  two  hours,  bled  for  hours  from  a 
hang  nail  on  the  thumb,  bled  profusely  from  acne  lesions  on  the  face; 
the  chewing  of  coarse  food  caused  the  gums  to  bleed,  there  was  blood  in 
the  urine  and  stools,  and  the  rubbing  or  scratching  of  the  skin  brought 
out  petechias. 

4.  The  platelet  count,  in  all  severe  cases,  was  reduced  to  the  point  of 
almost  total  absence.  It  did  not  exceed  10,000  in  a  single  instance,  and 
frequently  was  so  low  that  platelets  could  be  found  neither  in  stained 
smears  nor  in  counting  chambers.  In  two  instances  in  which  it  was 
believed  from  the  above  examinations  that  platelets  were  totally  absent, 
the  undiluted  plasma  was  studied  by  Biirker's  method22  and  the  presence 
of  a  few  platelets  demonstrated.  As  previously  stated,  the  count  was 
always  excessively  low  while  the  general  symptoms  were  severe.  In  every 
case,  a  rise  in  the  count  was  accompanied  by  marked  amelioration  or 
complete  relief  of  hemorrhagic  diathesis.     As  a  rule,  the  rise  occurred 


22.  Biirker,   K. :    Eine   einfache   Methode   zur   Gewinmmg  von   Blutplattchen. 
Centralbl.  f.  Physiol.,  June  20,  1903. 


460  ARCHIVES     OF    INTERNAL     MEDICINE 

spontaneously,  but  in  three  cases  (Cases  1.  2  "  evidently  the 

direct  result  of  transfusion.  In  these  cases,  the  tendency  to  bleed 
returned  as  soon  as  the  count  reached  the  low  level  which  existed  pri<  ^ 
transfusion.  In  one  instance  (Case  4)  platelet  counts  were  made  almost 
daily  for  a  period  of  twenty-four  days.  In  this  case  the  tendency  to  bleed 
was  most  marked  when  the  count  was  below  1,000,  and  amelioration  of 
symptoms  was  noticeable  whenever  it  rose  to  9,000.     The  p  of 

error  in  counting  platelet  □  the  count  is  extremely  low 

than  when  it  is  about  normal.     It   is  hardly  safe,  therefo  Iraw 

conclusions  from  such  slight  variations. 

5.  In  every  case  the  <  ion  time  fell  within  normal  limits.  No 
striking  variation  in  this  either  with  the  platelet  count  or  with  the 
severity  of  hemorrhagic  diathesis  was  noted. 

6.  The  clot  was  firm  in  every  i 

7.  The  clot  was  non-retractile  in  every  case  so  long  as  the  pla 
count  was  extremely  low,  and  showed  more  or  less  retractility  as  sOo 
the  count  rose. 

Many  of  the  symptoms  just  mentioned  were  lacking  in  the  n 
cases;  in  fact,  in  these  the  diagnosis  of  the  condition  rested  on  the  finding 
of  a  low  platelet  count.     The  symptoms  most  frequently  complained  of 
were  small  ecchymoses  and  epistaxis.    Frequently  neither  was  observed 
and  the  possibility  thai    hemorrhagic   diathesis  existed    v. 
hiii!'1;.-  by  the  fact  that  hemorrhage  was  present  and  e  imewhat 

too  severe  or  prolonged  to  be  entirely  accounted  for  by  its  local  ca 

!  hemorrhages  were,  for  example,  continued  bleeding  from  intestinal 
ulcers  (Case  2),  profuse  hemorrhage  from  esophageal  varici  ,  U), 
profuse  and  prolonged  menstruation  (Case  0),  etc. 

bleeding  time  in  -  was  in  some  instances  normal, 

and- in  others  slightly  or  moderately  prolonged.    Tl  ount  fell 

betw  ■  n   19J500  and  60,000.     T  e  coagulation  time  was  within  normal 
limits.     The  clot  ractility. 

There  can  be  little  doubl  that  :  and  the 

did  in  hemorrhagic  d 
and  :  .  differing  only  in  • 

Thi  d  by 

stating  thai  in  this  disea  tendency  to  bleed  from  e 

on,  ii"  matter  how  produced.    In  severe  cases  an  elevation  of 
capillary  blood  pressure  b  training,  etc.,  a  rubbing  or  scratch- 

ing of  the  skin,  the  ■■■  of  inflammatory  lesions  or  of  minute  cuts 

or  other  abrasions  of  the  e  sufficienl  to  produce  purpura  or  pro- 

longed hemorrhage.     In  mild  cases,  however,  more  &  ions  are 

required  to  produce  the  same  phenomena.    It  is  extri  mely  interestir 
find  thai  a  consistent  tendency  to  bleed  is  nol  more  frequently  observed 
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in  the  other  types  of  hemorrhagic  diathesis.  Such  is  the  exception  and 
not  the  rule.  As  mentioned,  when  discussing  the  bleeding  time,  we  have 
observed  patients  with  jaundice  who  bled  profusely  after  operation  and 
yet  had  a  normal  bleeding  time  and  no  purpura.  The  same  observation 
was  made  on  a  patient  with  hemophilia.  A  patient  with  jaundice, 
ecchymoses,  epistaxis  and  blood  in  the  urine  and  stool  gave  a  normal 
bleeding  time.  Several  patients  with  purpura  simplex  who  were  almost 
covered  with  large  ecchymoses  had  no  hemorrhage  from  mucous  mem- 
branes and  would  hardly  bleed  at  all  when  the  ear  was  pricked.  All  of 
the  patients  just  mentioned  gave  high  platelet  counts. 

THEORETICAL    CONSIDERATION'S    AND    EXPERIMENTAL    RESULTS 

The  following  facts  have  led  me  to  believe  that  an  absence  of  blood- 
platelets  plays  an  essential  role  in  the  pathogenesis  of  the  type  of  purpura 
hemorrhagica  with  which  we  are  here  dealing: 

1.  Every  case  of  pathologic  hemorrhage  observed  by  me,  which  pre- 
sented a  certain  clinical  picture  (purpura,  bleeding  from  mucous  mem- 
branes, a  prolonged  bleeding  time,  a  normal  coagulation  time  and  a  firm 
blood-clot)  had  enormously  reduced  platelet  counts.  The  tendency  to 
hemorrhage  vanished  when  the  platelet  count  rose  to  a  certain  point,  and 
reappeared  when  the  count  fell.  The  first  observation  was  alike  true, 
whether  the  rise  in  the  count  occurred  spontaneously  (Cases  3,  4,  5,  6) 
or  was  the  direct  result  of  transfusion  (Case  1,  2  and  7). 

2.  A  large  number  of  platelet  counts  were  made  by  me  in  three  diseases 
(diphtheria,  tuberculosis  and  nephritis)  in  which  purpura  hemorrhagica 
of  the  type  here  described  was  thought  to  be  a  complication.  The  typical 
disease-picture  appeared  in  two  instances  (Cases  3  and  8)  and  in  only 
two.  In  both  of  these  cases  the  platelet  counts  were  below  3,000.  These 
were  the  lowest  counts  found  in  this  series  of  cases.  In  a  third  case  (Case 
5)  the  count,  for  a  few  days,  varied  between  55,000  and  65.000.  The 
patient  at  this  time  had  mild  hemorrhagic  diathesis  (epistaxis  and  a 
moderately  prolonged  bleeding  time).  Three  rather  low  counts  (40,000, 
60,000,  75,000)  were  observed  in  patients  with  diphtheria  who  presented 
no  evidence  of  hemorrhagic  disease.  These  results  with  others,  which 
will  be  reported  later,  indicate  that  40,000  to  75,000  is  a  level  at  which 
patients  may  or  may  not  have  a  mild  disposition  to  bleed.  A  marked 
reduction  below  this,  however,  has  been  in  my  experience  without  excep- 
tion accompanied  by  hemorrhagic  diathesis.23 

3.  Purpura  hemorrhagica  occurs  as  a  complication  in  a  varied  col- 
lection of  diseases,  all  of  which  possess  one  feature  in  common — a  liability 


23.  The  cases  of  purpura  hemorrhagica  reported  hy  Hayem  and  Helber  gave 
counts  (40.000  to  89,000)  higher  than  any  observed  by  me  when  the  estimation 
was  made  at  a  time  when  bleeding  was  severe.  This  variance  in  results  is  possibly 
due  to  differences  in  the  methods  employed  for  counting. 


ARCHIVES     OF     INTERNAL     MEDICINE 


to  reduction  in  the  number  of  platelets.  Tin  vein  and  Bensaude3, 2*  have 
observed  it  complicating  lymphocytic  leukemia,  hemorrhagic  small-pox 
and  tuberculosis;  Pratt9  complicating  nephritis;  Selling10  complicating 
aplastic  anemia  due  to  benzol  poisoning;  I  have  found  it  complicating 
diphtheria  (Case  8),  tuberculosis  (Case  3)  and  aplastic  anemia  (» 
13).  I  have  also  observed  it  in  a  more  or  less  severe  form  in  patients 
suffering  from  chronic  ulcerative  colitis  .  > .  prolapsus  of  the  rectum 

(Case  7),  cirrhosis  of  the  liver  (Cases  10  and  11)  and  in  a  gastro- 
intestinal condition  (Case  9),  which  seemed  to  be  spastic  constipation 
associated  with  gastric  hyperacidity. 

4.  I  have  been  able  to  produce  severe  hemorrhagic  diathesis  in  animals 
by  reducing  the  platelet  count  by  means  of  diphtheria  toxin  and  mild 
hemorrhagic  diathesis  with  benzol.  The  condition  appeared  only  in  the 
animals  in  which  the  platelet  count  was  enormously  reduced.  It  became 
apparent  at  the  time  when  the  platelets  disappeared  from  the  circulation 
and  was  relieved  when  the  platelet  count  rose.  These  results  will  be 
reported  in  detail  in  a  later  paper.     One  very  interesting  result  was -the 

following: 

EXPEEIMENTAL  PUBPURA   HEMOBBHAGICA 

Experiment  34. — Male  rabbit,  weight   -1.7>  kg. 

Diphtheria  toxin  given  in  small  doees  (June  14  to  17,  1011),  until  the  animal 
appeared  to  be  Bomewhat  ill.  The  animal  speedily  recovered  from  the  effects  of  the 
toxin  and  showed  no  further  untoward  symptoms.     On  June  26th,  that  is,  nine 

-  after  the  last  dose,  it  was  noted  for  the  first  time  that  hemorrhage,  resulting 
from  a  prick  in  an  ear  vein,  was  almost  impossible  to  check.  The  bleeding  time, 
obtained  by  Bhaving  the  Bkin  of  the  back  and  cutting  fairly  well  through  it  with 
a  razor,  was  excessivi  iy  prolonged.  The  fortieth  drop  of  blood  was  almost  as  large 
as  the  first;  that  is.  the  il«>w  of  blood,  after  a  period  of  twenty  minutes,  showed 
almost,  no  diminution  in  intensity.  The  bleeding  time,  when  tested  similarly  in 
other  animals,  was  one  minute  or  less,  in  fact,  in  many  instances  the  blood  would 
hardly  flow  spontaneously  at  all.  On  the  following  morning  the  hair  covering  the 
ear  and  hack  of  the  animal  was  matted  with  Mood  and  the  cage  was  everywhere 

btered   with  blood.     A   similar  result   was   noted    in   i ther  of  thirty-eight 

experiments.     Numerous  subcutaneous  hemorrhages  in  the  ears  were  then  noted 
for  the  first  time.     'I  his  eruption  was  quite  striking.     Sunn-  of  the  hemorrl 
were  about  0.6  cm.  in  diameter — the  majority  were  petechial,  1  to  •'!  mm.  in  - 
These  were  distributed  regularly  over  both  ears,  l»inLr  as  numerous  over  the  areas 

which  had  not  1 n  punctured  for  obtaining  bl 1  as  over  the  areas  which  had  bet  o 

ahaved  and  pricked.  No  purpura  could  be  found  on  the  surface  of  the  body.  Such 
hemorrhages  were  Been  in  none  of  the  other  animals.    Blood  collected  in  a  test  tube 

ted  quickly,  but  failed  to  retract  and  extrude  Berum  even  after  standing  four 
The  animal  was  at   this  time  quite  anemic  and  remained  bo  as  Ion 
observations  were  continued.    'I  he  hemoglobin  was  25  per  rent,     lie'  white  count 
16,000.     Polymorphonuclear  cells  60  per  cent.     Lymphocytes    i"  per  cent.     No 

'I  he  prolonged  bleeding  time  and  excessive  hemorrhage  from  pricks  in  the  ear 
veins  continued  unchanged  for  three  days;  that  i-.  up  i<>  .tune  •_".».  On  'his  date 
the  bleeding  time  wa     less  prolonged,  tie'  twentieth  drop  was  about  half  tin1  -i/e 


ude,  R.,  and  Rivet,  L.:  Purpura  hemorragique  et  tubercul 
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of  the  first,  and  the  hemorrhage  from  pricks  in  the  ear  veins  was  less  profuse. 
The  platelet  count  at  this  time  had  risen  to  64,000  and  continued  to  rise.  The 
following  day  the  bleeding  time  showed  only  a  slight  delay  and  after  that  was 
always  normal.  The  bleeding  from  pricks  in  the  ear  veins  was  never  again  profuse. 
The  animal,  during  the  following  week  displayed  no  tendency  to  excessive  hemor- 
rhage.    The  data  in  detail  are  given  in  Table  6. 

Except  for  the  absence  of  epistaxis,  this  was  a  perfect  experimental 
reproduction  of  the  purpura  hemorrhagica  which  complicated  diphtheria 
(Case  8).  It  was  evidently  the  same  condition  both  etiologically  and 
pathogenetically.  All  of  the  distinctive  features  were  present;  purpura, 
prolonged  bleeding  time,  an  extremely  low  platelet  count,  blood  which 
clotted  quickly,  gave  a  firm  clot,  and  failed  to  retract  and  extrude  serum. 
The  disease  appeared  the  day  the  platelet  count  dropped  to  an  extremely 
low  level  (4,000),  persisted  as  long  as  the  platelet  count  remained  low,  and 

Table  6. — Platelet  Count  in  the  Author's  Experimental  Case 


Date 


June — 
13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
25 


Platelet 
Count 


Remarks 


430,000 
620,000 
600,000 
570,000 
560,000 

690,000 
690.000 
930.000 
860,000 
970,000 
1,700.000 
1,040.000 
440,000 


Toxin  S  C 

Toxin  S  C 

Toxin  S  C 


Animal  Well 
Animal  Well 
Animal  Well 
Animal  Well 
Animal  Well 


Date 


June — 
26 
27 
28 
29 
30 
July— 

1 

2 

3 

4 

5 

6 

7 


Platelet 
Count 


Remarks 


4,000  Purpura  hemorrhagica 

4,000  Purpura  hemorrhagica 

8,000  Purpura  hemorrhagica 

64,000  Less  severe 

100,000  Less  severe 

150,000  Well 

250,000  Well 

380,000  Well 

460.000  Well 

370,000  Well 

Well 

570,000 


disappeared  as  soon  as  the  count  rose.  No  tendency  to  bleed  was  observed 
in  other  animals  treated  with  the  same  and  much  larger  doses  of  diph- 
theria toxin.  This,  I  think,  was  due  to  the  fact  that  the  platelet  count 
did  not  fall  to  such  a  low  level. 

In  order  to  prove  that  an  absence  of  platelets  is  a  cause  of  hemorrhagic 
disease,  it  would  be  desirable  to  find  the  agency  through  which  this  might 
be  possible. 

Morawitz25  found  that  platelets  contain  large  amounts  of  prothrombin 
(or  thrombogen  or  the  antecedent  substance  of  the  fibrin  ferment). 
Jones,20  working  in  Professor  Howell's  laboratory,  confirmed  the  results 
of  Morawitz,  and  in  addition  demonstrated  that  platelets  liberate  a  throni- 


25.  Morawitz:  Arch.  klin.  Med.,  1904,  Ixxix,  215.    Cited  by  Jones,  Note  26. 

26.  Jones,  S.  Bayne:  The  Presence  of  Prothrombin  and  Thromboplastin  in  the 
Blood  Platelets.     Am.  Jour.  Physiol.,  1912,  xxx,  Xo.  1. 
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boplastic  substance  which  he  named  thromboplastin.  These  results  make 
it  appear  remarkable  that  blood  in  which  platelets  can  hardly  be  demon- 
strated is  able  to  clot  both  quantitatively  and  at  a  normal  rate.  Tin 
however,  beyond  question  a  fact.  Both  Denys  and  Hayeni  thought  so 
from  their  microscopic  studies  of  blood  films.  My  Indies,  which  confirm 
their  views,  were  as  follov 

The  platelet  count  in  dogs  was  reduced  to  about  10  per  cent,  of  normal 
by  repeated  injections  of  benzol.     In  ises  blood  coagulation  was 

carefully  studied.  The  fibrinogen  content  of  the  blood  was  shown  to  be 
at  the  upper  limit  of  normal  (0.55  per  cent,  to  0.65  per  cent.).  The 
coagulation  time  was  normal  or  slightly  prolonged.  The  latter  was 
accounted  for  by  the  presence  of  jaundice.     All  the  fibrinogen  pre- 

transformed  into  fibrin  by  coagulation  —  at  least  the  blood-serum 
obtained,  after  coagulation,  was  shown  to  be  free  from  fibrinogen  (the 
serum,  when  neutralized  and  heated  to  58  C,  gave  no  precipitate).  The 
results  in  the  human  cases  were  in  harmony  with  the  e.\;  al.    The 

rulation  time  was  about  normal  —  in  some  cases  even  shorter  than 
normal — the  clot  was  firm  and  a  microscopic  study  of  the  fibrin  showed 
no  striking  qualitative  or  quantitative  deviation  from  the  normal. 

The  macroscopic  appearance  of  the  clot,  noted  both  in  the  experi- 
mental and  in  the  human  cases,  differed  strikingly  from  that  of  normal 
blood,  inasmuch  as  it  failed  to  retract  and  extrude  serum.  Hayem,2  the 
first  to  observe  non-retractility  of  the  blood-clot,  performed  some  very 
[perimente  which  throw  light  on  its  meaning,  He  collected 
horse  blood,  and  at  a  low  temperature,  threw  down  the  red  and  white 
trifugalization.     1  ernatant  plasma  contained  an 

abundance  of  platelets.  Prom  a  portion  of  this,  platelets  were  removed 
by  filtration.  Both  specimens  were  then  allowed  to  clot.  The  portion 
■  1 1 .l^  platelets  retracted  and  extruded  Berum.  The  filtered,  portion 
bul  failed  to  retract.  Hayeni  concluded  that  platelets  give  to  the 
clot  its  properly  of  retractility.  If  has  been  observed,  however,  that 
under  some  conditions,  blood  containing  an  abundance  of  pi  fives 

a  non-retractile  clot.    The  clinical  perimental  results  on  this  sub- 

of  Hayem,  Le  Sourde  and  Pagniez27  and  others,  may  be  summari 
by  saying  that   the   ;  'platelets  seem   indispensable  for 

normal  retractility  of  the  blood-clot,  bu1  retraction  occasionally  fails  to 
d  platelet-;  are  presenl  in  abundance.8'   :    Le  Sourde 
and  Pagniez28  have  recently  Bhown  thai  the  Mood  of  patients  with  pur- 
pura hemorrhagic  a  retractile  clol  if  a  suspension  of  blood  plat 


27.  Le  Sourde  and   Pagniez:     Jour,  de  phj   lol.  et   p. oh.  gen.,  L007|  ix,  No.   i. 
Cited  bj   Pratt. 

lurde  and  Pagniez:  Un  ca*  de  Purpura  Heraorrhagique  avec  Di 
tion  total*    des    Plaqueti  Bull,  el   mem,  Boc.  mfid.  d.  hop.  de  P 

July  12,  I'll--'. 


WILLIAM     W.     DUKE  4G5 

is  added  to  it.  Whether  this  interesting  but  more  or  less  an  artificial  phe- 
nomenon (failure  of  the  clot  to  retract)  is  an  evidence  of  an  abnormal 
fibrin  formation  which  could  play  a  part  in  the  pathogeny  of  hemorrhagic 
disease,  is  questionable.  It  may  be  due  to  the  fact  that  platelets  are  not 
present  to  anchor  together  the  filaments  of  fibrin;  or  it  may  be  compar- 
able to  the  failure  of  the  milk  clot  to  retract.  This  happens  if  rennet  is 
added  to  it  in  insufficient  amount.29 

Hayem  produced  a  condition  of  the  blood  which  both  Denys1  and 
he3' 30  considered  analogous  to  purpura  hemorrhagica.  He  injected  blood- 
serum  of  one  animal  into  the  circulation  of  an  animal  of  different  species. 
The  platelets  began  immediately  to  stick  together  and  finally  formed 
clumps  so  large  that  they  were  to  a  great  extent  filtered  off  from  the 
circulating  blood  by  the  capillaries.  He  states  that  a  similar  condition 
follows  the  injection  of  rattlesnake  venom  in  animals.  This  was  considered 
by  Denys  and  Hayem  to  be  the  pathogenesis  of  purpura  hemorrhagica. 
They  suggested  that  multiple  platelet  emboli  could  account  for  the  pur- 
pura, and  abnormal  coagulation  for  the  hemorrhage.  This  ingenious  and 
attractive  theory  explains,  perhaps,  some  types  of  hemorrhagic  diathesis. 
I  am,  however,  unable  to  reconcile  it  with  all  the  data  obtained  in  my 
studies  and  at  present  believe  that  the  type  of  disease  described  in  this 
paper  has  a  totally  different  cause.  It  is  not  desirable  at  present  to 
discuss  this  question  at  length,  for  experimental  purpura  hemorrhagica 
produced  by  the  injection  of  diphtheria  toxin  offers  such  an  admirable 
opportunity  for  further  study.  This  condition  we  are  safe  in  assuming 
is  exactly  the  same  as  that  observed  in  humans.  It  may  be  permissible, 
however,  to  mention  briefly  several  observations  which  I  cannot  reconcile 
with  the  theory  of  Denys  and  Hayem. 

1.  Following  the  intravenous  injection  of  peptone  into  animals,  a  con- 
dition results  which  is  analogous  to  that  produced  by  Hayem  with  animal 
serum.  The  platelets  clump  together  and  are  to  a  large  extent  filtered  off 
from  the  circulating  blood.  Such  blood  withdrawn  in  a  blood-pipet  and 
diluted  (1-100)  with  Wright  and  Kinnicutt's  solution  or  a  4  per  cent, 
aqueous  solution  of  sodium  metaphosphate,  gives  a  striking  picture.  The 
red  cells  are  laked  and  the  platelets  are  clumped  into  masses  of  from 
several  to  several  hundred.  Such  a  condition  as  this  was  not  observed 
in  the  study  of  my  human  or  experimental  cases:  Even  in  Experiment 
34,  when  1,700,000  platelets  per  mm.  of  blood  disappeared  from  the 
circulation  within  three  days,  no  tendency  to  clumping  was  observed. 

2.  In  Case  7  a  petechial  rash  appeared  immediately  after  straining  at 
stool.    This  certainly  suggests  a  wide-spread  capillary  rupture  as  the  cause 


29.  R.  Briiuler:  Der  Einfluss  verschiedener  Labmengen  unci  verschiedener  Tem- 
peraturen  auf  die  Gerinnung  der  Milch  und  auf  die  mikroskopische  Struktur  der 
Kasein  und  Fibringerinnsel.     Arch.  f.  ges.  Phys.,  1910,  cxxxiii,  519. 

30.  Hayem,  G. :  Lecons  sur  les  maladies  du  sang.    Masson,  1900,  p.  586. 
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of  purpura,  not  platelet  emboli.  Other  facte  might  be  mentioned  in 
support  of  this.  For  instance,  purpura  was  often  brought  out  by  blow.-, 
rubbing,  etc.  Petechias  were  most  abundant  on  the  dependent  parts 
when  the  patients  were  up  and  about,  and  often  disappeared  completely 
when  they  were  confined  to  bed. 

3.  In  Case  4  the  platelet  count  was  below  10,000  for  a  period  of  nearly 
a  month.  During  this  time  great  numbers  of  petechias  appeared,  and  at 
this  time  there  were  scarcely  enough  platelets  present  to  produce  a  suffi- 
cient number  of  emboli  to  account  for  them. 

4.  In  Case  1,  the  purpura  faded  rapidly  after  transfusion  and  did  not 
reappear  as  the  platelets  introduced  by  transfusion  vanished.  If  the  dis- 
appearance of  these  platelets  was  the  result  of  clumping  and  embolism,  the 
purpura  should  have  been  increased  instead  of  decreased  by  transfusion. 

Hemorrhagic  diathesis  of  this  type  can  be  accounted  for  theoretically 
best,  I  believe,  as  follows:  It  is  well  known  that  hemorrhage  is  not 
stopped  by  a  clot,  such  as  is  seen  on  the  surface  of  wounds,  but  chiefly  by 
intravascular  plugs  (thrombi).  A  clot  and  a  thrombus  have  totally 
different  architectures  and  modes  of  formation.  A  clot  is  formed  from 
blood  at  rest,  and  consists  of  a  homogeneous  mixture  of  platelets,  red 
cells,  leukocytes,  fibrin,  etc.  Without  question,  the  coagulation  of 
fibrinogen  plays  the  essential  role  in  this  process.  It  takes  place  at 
about  the  normal  rate,  and  quantitatively  whether  platelets  are  present 
or  not.  A  thrombus,  however,  is  a  different  matter.  It  is  formed  from 
blood  which  is  flowing,  and  we  have  reason  to  believe  that  for  its  forma- 
tion a  certain  number  of  platelets  is  indispensable.  Platelets,  from  the 
property  they  possess  of  sticking  to  injured  tissue  and  then  to  each  other, 
adhere  to  any  injured  point  in  a  blood-vessel  and  are  deposited  there  in 
enormous  numbers  by  the  blood  as  it  flows  past.81  This  is  the  beginning 
of  the  process  which  plugs  a  bleeding  vessel.  Later,  fibrin,  leukocytes 
and  red  cells  arc  deposited  and.  finally,  thrombosis  is  complete.  Judging 
from  the  experimental  results,  platelets  nol  only  initiate,  bul  also  make 

up  a  large  part  of  the  bulk  of  a  completed  thrombus.  It  is  easily  con- 
ceivable that  an  almo.-t  complete  absence  of  platelets  from  the  blond 
iil'l  lead  to  abnormality  in  the  initiation  or  completion  of  thrombosis, 
and  be  a  cause  o'f  prolonged  hemorrhage,  whether  the  fibrin-forming 
elements  were  normal  or  not.  The  fad  thai  a  patient  bleeds  for  an  hour 
or  more  from  a  pin  prick  or  a  mere  scratch  is  abundant  evidence  thai 
in  that   patieni   thrombi   fail  to  form,  and   since  an  absence  of  blood 


31,  (a)    Rechercbea  but  I'  norm,  ei    path,  du   Bang.   Paris, 

ompt.   rend.   Acad,  dea   bc.,    Fulj    18,  18  ero:  Virchowa 

Arch.  f.  path,    \n.it.   i-    !  61.    (4)    1  d    Schiramelbusch :    Virchowa 

Arch.  f.  path.  Anat.,  iss~'.  ci;   1888,  ciii,  cv.    'l ]  rig  cited  by  Welch,    (e) 

Welch,  William  It.:  The  Btructure  ot  White  Thrombi.  Tr.  Path.  Boc.  Philadelphia, 
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platelets  is  constantly  accompanied  by  this  phenomenon,  it  seems  evident 
that  the  role  played  by  platelets  in  thrombus  formation  is  an  essential 
one.  I  have  studied  experimental  thrombi  by  the  methods  used  by 
Professor  Welch  in  rabbits  in  which  the  platelet  count  was  reduced  to  as 
low  as  60,000  by  subcutaneous  injections  of  benzol.  Thrombi  formed  in 
such  animals.  They  seemed  smaller  than  normal,  but  contained,  as  do 
normal  thrombi,  great  numbers  of  agglutinated  platelets  and  leukocytes, 
arjd  also  fibrin  and  red  cells.  These  results  harmonized  with  the  fact  that 
these  particular  animals  displayed  no  striking  tendency  to  bleed  abnor- 
mally long.  "We  have  not  yet  studied  thrombus  formation  in  the  more 
extreme  cases  in  which  platelets  are  almost  totally  absent  from  the  blood 
and  hemo7Thage  is  excessive. 

An  absence  of  platelets  perhaps  accounts  for  the  tendency  to  bleed 
from  cuts.  The  explanation  of  f he  purpura,  however,  is  not  so  clear.  My 
evidence  suggests  that  both  forms  of  purpura  (both  the  fine  petechias  and 
the  ecch}"moses)  are  due  to  hemorrhage  from  ruptured  blood-vessels,  and 
not  to  thrombosis  nor  platelet  emboli.  Whether  or  not  the  vessels  in  this 
disease  are  abnormally  friable  is  difficult  to  say.  It  is  possible  that  in 
healthy  individuals,  under  the  usual  conditions  of  life,  a  few  capillaries 
are  continually  rupturing,  and  that  the  minute  ruptures  are  immediately 
closed  by  the  adherence  of  a  few  platelets  and  a  few  filaments  of  fibrin. 
When  the  tendency  to  bleed  is  pathologically  enormously  increased,  it  is 
possible  that  such  ruptures  lead  to  visible  hemorrhages  which  appear  as 
fine  petechias.  Bruising,  rubbing,  etc.,  would  cause  a  number  of  ruptures 
in  a  small  area  and  lead  to  the  formation  of  the  larger  hemorrhages  — 
the  ecchymoses.  This  explanation  seems  in  accordance  with  facts  as  I 
now  understand  them.  It  explains,  T  believe,  the  fine  petechias  and  the 
traumatic  ecchymoses  of  the  platelet  free  type  of  disease.  It  is  not 
believed,  however,  that  it  would  account  for  the  larger  purpuric  flecks 
seen  in  other  types  of  hemorrhagic  disease,  which  appear  without  local 
causes. 

As  to  etiology,  it  may  be  said  that  any  agent  which  lowers  the  platelet 
count  to  a  point  of  almost  complete  absence  would  appear  to  be  a  cause 
of  purpura  hemorrhagica.  Purpura  hemorrhagica  of  this  type,  would 
seem  to  be  then,  a  symptom,  not  a  disease.  Severe  cases  have  been 
observed  complicating  lymphocytic  leukemia,  hemorrhagic  small-pox, 
tuberculosis,  nephritis,  aplastic  anemia,  benzol  poisoning,  diphtheria  and 
gastro-intestinal  conditions.  Further  study  will  undoubtedly  add  to  this 
list.  A  minority  of  the  cases  develop  in  individuals  who  seem  otherwise 
healthy. 

SUMMARY  AXD   COXCLUSIOXS 

1.  By  comparing  svmptoms  and  blood  findings  in  all  patients  observed 
during  a  period  of  three  years,  who  displayed  a  pathologic  tendency  to 
bleed,  it  has  been  possible  to  pick  out  a  certain  group  of  cases  which 
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presents  a  characteristic  clinical  picture,  which  is  due  wholly  or  in  part, 
-  believed,  to  an  enormous  reduction  in  the  number  of  blood-plate 
The  disease  in  its  severer  form  almost  constantly  presents  the  fol- 
lowing symptom-complex:  1.  Purpura  of  one  or  two  types — petechias  or 
•  3.     ".'.  Hemorrhage  from  mucous  membranes.    3.  A  tendency  to 
bleed  from  every  vascular  lesion,  no  matter  how  produced.    In  consequence 
of  this  tendency,  the  bleeding  time  is  very  greatly  prolonged,  often  exceed- 
ing two  hours.  4.    A  normal  coagulation  time.    5.  A  firm  blood-clot.     6. 
In  consequence  of  the  absence  of  ;  ,  a  clot  which  does  not  retract 

and  extrude  serum.  Iti  all  cases  (seven)  seen  by  me  showing  the  above 
picture,  the  number  of  platelets  was  reduced  almost  to  a  point  of  absence. 
Counts  were  all  below  10,000,  and  as  a  rule,  below  1,000.  (The  normal 
platelet  count  varies  from  200,000  to  400,000.) 

The  disease  in  its  milder  form  presents  a  different  picture.  The  most 
common  53^^01^  in  the  milder  cases  are  ecchymoses  following  slight 
injury  and  epistaxis.  Sometimes  neither  purpura  nor  bleeding  from 
normal  mucous  membranes  appears  and  the  only  evidence  of  hemorrhagic 
diathesis  is  severe  hemorrhage  accounted  for  to  a  greater  or  less  extent 
by  local  causes;  for  example,  continued  bleeding  from  intestinal  uli 
from  esophageal  varices,  profuse  and  prolonged  menstruation,  etc.  The 
bleeding  time  in  the  mild  cases  is  sometimes  normal  and  sometimes 
slightly  or  moderately  prolonged.  The  coagulation  time  is  normal,  the 
clot  firm,  retractility  diminished.  The  diagnosis  rests  on  the  finding  of 
a  reduced  pla  wnt.     It  varied,  in  my  cases  (six),  from  20,000  to 

65,000. 

2.  Hemorrhagic  diathesis  can  be  followed  best  in  this  disease  by 
mining  the  bleeding  time  at  frequent  intervals.    The  simple  observa- 
tion of  purpura,  spontaneous  hemorrhage,  etc.,  may  lead  to  false  conclu- 
sions in  regard  to  the  general  condition,  for  these  symptoms  are  often 
due  to  genera]  and  local  causes  combined. 

3.  When  there  was  opportunity  to  make  such  observations  it  was  1 
that  the  disease  appeared  when  the  platelet  count  fell  to  an  extremely  low 
level,  pei  ained  Low  and  disappeared  as  Boon 

1 
■1.  'i  ise  was  relieved  immediately  in  two  cases  by  direct  trans- 

fusion of  bli  incident  with  an  increase  in  the  plat 

count,  evidently  a  direct  resuH  of  the  transfusion.  Symptoms  returned 
when  the  platelet  count  fell  again. 

5.  The  disease   was  produced   in   rabbits  by   reducing  the  platelet 

count  with  diphtheria  toxin.    The  appeared  the  day  the  platelet 

di  1!  to  a  point  of  almoBl  complete  absence  and  persisted  until 

the  platelet  count  rosi .    Hemorrhagic  diathi  sis  in  mild  form  was  brought 
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about  with  repeated  injections  of  benzol.    In  the  latter  experiments  the 
count  did  not  descend  to  such  a  low  level  as  in  the  former. 

6.  In  a  series  of  thirty-eight  animal  experiments,32  in  which  the 
platelet  count  was  enormously  changed  with  subcutaneous  injections  of 
benzol,  diphtheria  toxin  and  tuberculin,  and  also  in  a  large  series  of  cases 
in  humans  in  which  routine  platelet  counts  were  made,  only  those  having 
extremely  low  counts  gave  the  complete  symptom-complex  described 
above.  Several  platelet  counts  between  40,000  and  75,000  were  observed 
in  patients  who  had  no  marked  tendency  to  bleed.  This  seems  to  be  the 
level  at  which  patients  may  or  may  not  have  an  abnormal  tendency  to 
bleed.  No  counts  lower  than  these  were  observed  in  patients  not  subject 
to  hemorrhage. 

7.  The  disease  has  been  observed  complicating  a  varied  set  of  diseases 
—  in  severe  form  in  lymphocytic  leukemia,  hemorrhagic  small-pox,  tuber- 
culosis, nephritis,  benzol  poisoning,  aplastic  anemia  and  diphtheria.  The 
one  feature  in  common  in  these  cases  was  the  low  platelet  count  and  the 
modification  of  the  clot  dependent  on  it;  i.  e.,  absence  of  retractility. 
Purpura  hemorrhagica  of  the  type  described  would  seem,  therefore,  a 
symptom,  not  a  disease.  It  is  caused  apparently  by  any  agent  which 
reduces  the  platelet  count  to  a  sufficient  degree. 

In  conclusion  I  wish  to  express  my  thanks  to  Drs.  W.  W.  Gannett,  F.  C.  Shat- 
tuck,  F.  T.  Murphy  and  Hugh  Cabot  of  the  Massachusetts  General  Hospital,  to  Dr. 
L.  A.  Conner  of  the  New  York  Hospital,  to  privatdocents  von  Jagic  of  the  von 
Moorden  clinic,  Kren  of  the  Riehl  clinic  and  Schick  of  the  Escherich  clinic  in 
Vienna,  and  to  Professor  von  Romberg  of  the  Medical  clinic  in  Tubingen  for  the 
privileges  granted  in  their  wards  and  laboratories  while  this  study  was  being  com- 
pleted; also  to  Drs.  J.  H.  Wright  and  Roger  Kinnicutt  of  the  Massachusetts  Gen- 
eral Hospital  for  the  use  of  their  excellent  method  for  counting  platelets,  and  to 
Dr.  G.  H.  Whipple  of  the  Hunterian  Laboratory  for  Experimental  Pathology  of  the 
Johns  Hopkins  Hospital  for  the  privilege  of  working  in  his  laboratory  and  for 
suggestions  regarding  fibrinogen  analysis. 

Rialto  Building. 


32.  Duke,  W.  W. :   Paper  not  yet  published. 
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Probably  every  physician  who  performs  the  Wassermaim  test  adopts 

certain  minor  variations  in  technic,  which  tend  to  make  the  test  more 
satisfactory  in  his  hands.  It  is  always  interesting  and  instructive  to  learn 
the  writer's  technic  before  reading  hie  results.  The  Xoguchi  modification1 
of  the  test  has  been  used  in  the  board  of  health  laboratory  at  Ancon 
because  it  is  one  of  the  most  accurate  complement  deviation  tests  for 
syphilis,  because  every  reagent  may  be  titrated  separately  and  standard- 
ized, and  because  there  is  always  abundant  opportunity  for  obtaining 

human  blood. 

techxic 

Corpuscle  Suspension. — A  little  over  1  c.c.  of  human  blood  is  taken  in  9  c.c. 
of  a  solution  containing  0.9  per  cent.  -alt  and  1.5  per  cent,  sodium  citrate.  The 
corpuscles  are  washed  throe  times  with  normal  salt  solution  and  then  centrifugal- 
ized  for  measurement.  As  1  c.c.  of  blood  contains  approximately  0.4  c.c.  of  cor- 
puscles, the  blood  is  taken  into  a  graduated  centrifuge  tube  and  after  washing,  0.4 
c.c.  of  corpuscles  are  suspended  in  10  c.c.  of  normal  salt  solution  to  obtain  a  10 
per  cent,  suspension.  This  method  of  measurement  is  easy  and  gives  a  constant 
suspension. 

Hemolytic  Amboceptor. — The  amboceptor  is  prepared  in  the  manner  advocated 
by  Noguchi.  The  amboceptor  unit  determined  by  the  use  of  an  overwhelming 
amount  of  complement  has  not  been  a  satisfactory  unit  for  practical  purposes  in 

my   hands.    Enstead    1    have  determi 1    the  amboceptor   unit    by   the   following 

method  described  i>\  Noguchi:  'I"  a  Beries  of  tubes  each  containing  1  c.c.  of  a  I 
per  cent,  suspension  of  human  corpuscles  ami  0.02  c.e.  of  mixed  guinea-pig  serum 
is  added  a  varying  amounl  of  amboceptor;  the  amount  which  causes  complete 
hemolysis  in  two  hours  i-  considered  one  unit. 

Complement. — The  complement  consists  of  the  mixed  Bera  from  several  guinea- 
pigs.  'I  hi-  i-  never  over  twenty-four  hours  old  at  the  time  of  use.  The  blood  is 
obtained  by  aspirating  the  heart  under  aseptic  precautions  with  a  lo  c.c.  Luer 
syringe.  An  anesthetic  i-  always  employed.  The  -aim-  pigs  are  used  repeatedly. 
There  an-  twelve  Bmall  pens  ael  aside  for  the  "Wassermann"  pigs;  the  teei  La 
performed  twice?  a.  week;  thus  each  pig  is  bled  about  once  every  >i\  weeks.  The 
rutin-  lot  i-  changed  aboul  once  in  -i\  months.  The  relative  amounl  ft'  comple- 
ment in  the  serum  does  nol  -•■mi  t"  be  affected  bj  bleedings  of  this  frequency, 
amount  of  complement  required  with  one  unit  of  amboceptor  (■>  cause  emu 
plete  hemolysis  of  l  c.c  of  a  I  per  cent,  suspension  of  corpuscles  is  considered  one 
unit.  The  test  U  performed  with  two  unit-  of  amboceptor  and  two  units  of  com- 
plement. For  over  a  year  a  preliminary  titration  of  the  complement,  as  recom 
mended  by  <  aaig,1  baa  i"''"  made  before  performing  the  test 


'Manuscript  aubmitted  for  publication  duly  is,  inij. 

1.  Noguchi,  II.:  Serum  Diagnosis  of  Syphilis.    .1.  ]•>.  Lippii a.  Phila.,  L910 

•j.  Craig,  <  harlea  P.:   Further  Obaervationa  on  the  Complement   Fixation   rest 
in  the  Diagnosis  of  Lues  in  the  Military  Service.    Jour.  Infect.  Dia  .  1911,  ix,  216. 
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A)ttigen. — Alcoholic  extracts  of  Iranian  livers  and  the  acetone  insoluble 
fraction  of  alcoholic  extracts  have  been  used  as  antigens  and  one  has  proved 
no  more  stable  than  the  other,  but  this  may  be  due  to  the  fact  that  the  latter  were 
not  kept  hermetically  sealed.  Four  or  five  antigen  units  have  been  employed  in 
the  performance  of  the  test  with  but  few  exceptions. 

Patient's  Serum. — The  blood  is  aspirated  from  a  vein  at  the  bend  of  the  elbow, 
allowed  to  clot  or  centrifugalized,  if  necessary,  and  the  serum  pipetted  off  into 
sterile  lysis  tubes.  These  are  kept  in  the  ice-box  until  needed  for  use.  The  sera, 
are  then  heated  to  56  C.  for  twenty  minutes  and  0.08  c.c.  of 'each  serum  is  added 
to  each  of  two  tubes,  the  test-tube  and  the  control-tube. 

Mixture  of  Reagents. — The  method  of  using  papers  impregnated  with  reagents 
has  not  been  adopted  as  it  seemed  fully  as  accurate  and  much  easier  to  mix 
several  of  the  reagents  in  bulk,  always  mixing  a  larger  amount  than  actually 
needed.  For  instance,  on  a  morning  when  there  are  thirty  tests  to  be  made,  two 
beakers  of  40  c.c.  each  are  prepared. 

Beaker   I  Beaker  II 

R.  B.  C.  10  per  cent 4  c.c.  R.  B.  C.  10  per  cent 4  c.c. 

Mixed  complement 80  units  Mixed  complement 80  units 

Antigen 0  Antigen 200  units 

Normal  salt  sol.,  q.  s 40  c.c.  Normal  salt  sol.,  q.  s 40  c.c. 

Then  1  c.c.  from  Beaker  I  is  added  to  each  even  numbered  tube  containing  0.08 
c.c.  of  serum  to  be  tested  and  1  c.c.  from  Beaker  II  to  each  odd  numbered  tube  con- 
taining O.08  c.c.  of  serum  to  be  tested.  From  this  point  on  the  test  is  performed 
exactly  as  described  by  Noguchi. 

HEMOLYSIX    OR    HEMOLYTIC    AMBOCEPTOR    IX    GUIXEA-PIG    SERUM 

On  several  occasions  serious  difficulty  has  been  experienced  by  the 
exhibition  of  complete  hemolysis  in  all  positive  control  tubes  as  well  as  in 
all  the  negative  control  tubes.  On  the  day  following  each  of  these  mis- 
haps it  was  noticed  that  the  surplus  left  in  the  beakers  had  completely 
hemolyzed  while  a  suspension  of  the  same  corpuscles  in  normal  salt  solu- 
tion alone  showed  little  or  no  hemolysis. 

Table    1. — Demonstrating   the   Presence   of   a    Thermostabile    Antlhuman 
Hemolysin  in  Guinea-Pig  Serum 

1.  R.B.C.*  =  N.H. 

2.  R.B.C.     +  G.P.S.**   (normal)   0.20  =  N.H. 

3.  R.B.C.     +  0  +  G.P.S.  No.  100  inact.  0.05  =  N.H. 

4.  R.B.C.     +  G.P.S.       (normal)   0.05  +  G.P.S.  No.  100  inact.  0.05  =  C.H.  2  his. 

*R.B.C. — One  c.c.  of  a  1  per  cent,  saline  suspension  of  washed  human  red 
corpuscles. 

**G.P.S. — Guinea-pig  serum.    N.H. — No  hemolysis.    C.H. — Complete  hemolysis. 

Table  2. — Thebmostabile  Axtiuumax  Hemolysin  in  Guinea-Pig  Sebum 

1.  R.B.C.  =N.H 

2.  R.B.C.  +  G.P.S.  (normal)  0.20  =  N.H. 

3.  R.B.C.  +  0  +  G.P.S.  No.  102  inact.  0.10  =  N.H. 

4.  R.B.C.  +  G.P.S.  (normal)  0.05  +  G.P.S.  No.  102  inact.  0.02  =  C.H.  1  hr. 

Suspecting  from  this  that  the  guinea-pig  serum  might  be  the  source 
of  the  trouble,  specimens  of  their  sera  were  inactivated  and  titrated  for 
hemolytic  amboceptor.  Two  pigs  were  detected,  0.05  c.c.  of  whose  serum 
contained  at  least  one  amboceptor  unit;  many  others  were  detected  and 
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isolated,  0.20  c.c.  of  whose  serum  would  completely  hemolyze  1  c.c.  of  a 
1  per  cent,  suspension  of  human  red  blood  corpuscles. 

That  these  sera  contained  a  true  thermostabile  antihuman  hemolysin 
or  amboceptor  may  be  readily  seen  by  Tables  1  and  2. 

-  These  pigs  had  been  living  in  the  laboratory  court-yard  for  several 
generations  —  about  four  years  —  and  had  been  fed  on  a  diet  consisting 
exclusively  of  tropical  grasses. 

The  sera  of  another  lot  of  guinea-pigs  which  had  been  on  the  isthmus 
but  a  short  time  was  similarly  tested.    The  sera  from  these  pigs  in  most 
instances  had  no  effect  on  human  red  blood  corpuscles  even  if  mixed  in 
equal  volumes,  and  in  no  instance  was  hemolysis  seen  with  the  use  of 
than  0.30  c.c.  of  serum  to  1  c.c.  of  a  1  per  cent,  corpuscle  suspension. 

Since  this  episode  we  have  run  a  control  test  tube  with  each 
serum  before  mixing  their  sera  for  use  in  the  test.  This  tube  contains 
1  c.c.  of  a  1  per  cent,  suspension  of  red  blood  corpuscles  and  0.20  c.c.  of 
the  guinea-pig's  serum.  It  is  incubated  for  one  hour  at  37  C.  usually 
from  4  to  5  p.  m.,  and  then  allowed  to  stand  at  room  temperature  over 
night.  This  test  has  more  than  once  justified  its  adoption  as  a  routine 
procedure. 

1  MALARIA 

"Were  malarial  fever,  malarial  infection  or  relative  malarial  immunity 
to  give  a  positive  Wassermann  test,  or  to  interfere  with  any  of  the  reac- 
tions taking  place  in  the  complement  deviation  test  for  syphilis,  it  would 
most  seriously  lessen  the  value  of  the  test  in  the  tropics  or  other  malarial 
regions. 

Table  3. — Relation  oi    Malabia  and  the  Wassebmann  Reaction 

Patients  infected  with  malarial  parasites  on  the  day  <>f  admission  and  having 
blood  taken  for  Wassermann  on  the  same  day 16 

\Vn--erni.inn    I  tive    12 

Wassermann  tests  plositive  3 

These  three  positive  cases  were  as  follows: 

of    1  iM;i     1 

Syphilitic   arthritis    1 

Good  historj  oi  83  philis   1 

Of  these  fifteen  infections  there  were  twelve  sestivo  autumnal  and  three  of  the 
tertian  form. 

Table  i. —  Relation  <>i   Malabla   wn  mi.  Wassebmann  Reaction 

Patients  Infected  \\ith  malarial  parasites  on  the  day  of  admissien  and  having 

blood  tak<Ti  for  Wassermann  in  from  one  t<>  four  day-  later S4 

Wassermann  I  tive   88 

Wassermann  tests  positive  16 

<  if  these  Bixteen  posil  ives  th<  re  ■  ■ 

Typical  secondaries   

Others  with  characteristic  or  suspicious  lesions 

Insufficient  data    3 

Of  these  eighty  four  there  were  6fl  '      \  .  2  I"    \.  rod  tertian,  D  tertian,  and  i 
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Table  5. — Relation  of  Malabia  and  the  Wassermann  Reaction 

Patients  infected  with  malarial  parasites  on  the  day  of  admission  and  having 

blood  taken  for  Wassermann  on  average  of  five  to  ten  days  later 65 

Wassermann  tests  negative    47 

Wassermann  tests  positive   18 

Of  these  eighteen  positives  there  were: 

Typical   secondaries    2 

Others  with  characteristic  or  suspicious  lesions 12 

Insufficient  data    4 

Of  these  sixty -five  there  were  56  E.  A.,  1  E.  A.  and  tertian,  and  8  tertian. 

Taele  6. — Recapitulation  as  to  Malabia  and  the  Wassebmann  Reaction 

Wassermann  tests  on  cases  of  malaria 164 

Wassermann  tests  negative    127 

Wassermann  tests  positive   37 

Of  these  thirty-seven  positives,  thirty  were  clinically  considered  complicated 
with  syphilis. 

During  the  dry  season  in  the  Canal  Zone  10  per  cent,  of  the  laborers, 
at  work  and  without  symptoms,  and  30  per  cent,  of  their  families,  were 
found  by  Dr.  S.  T.  Darling3  to  be  infected  with  malarial  parasites.  If 
this  number  can  be  demonstrated  undoubtedly  a  much  greater  number 
are  carrying  malarial  parasites,  their  antibodies  or  both. 

One  hundred  and  sixty-four  cases  of  the  2,846  here  considered 
exhibited  malarial  parasites  at  some  time  during  the  admission  period  in 
which  their  blood  was  taken  for  the  Wassermann  test.  These  cases 
covered  a  period  of  nineteen  months.  Thirty-seven  of  these  164  gave 
positive  reactions.  The  great  majority  of  the  thirty-seven  showed  indis- 
putable evidences  of  syphilis,  or  gave  histories  or  presented  lesions  which 
rendered  a  diagnosis  of  past  sj'philitic  infection  highly  probable.  In  seven 
I  was  unable  to  collect  satisfactory  data  in  reviewing  the  cases.  Many  of 
those  giving  negative  reactions  presented  nothing  in  histories  or  physical 
signs  directly  suggestive  of  syphilis,  and  a  few  were  purposely  taken  as 
controls. 

LEPROSY 

The  Wassermann  test  was  performed  on  forty-two  cases  of  leprosy; 
sixteen,  or  38  per  cent.,  gave  strong  positive  reactions,  and  four  others 
gave  weak  positives,  making  a  total  of  47  per  cent,  positive.  All  of  these 
were  clinically  well  marked  cases,  some  very  much  advanced.  Some  of 
the  most  advanced  cases  gave  negative  reactions.  Whether  any  of  these 
cases  were  complicated  with  syphilis  or  not  we  had  no  means  of  deter- 

3. — Darling,  S.  T. :  Transmission  of  Malarial  Fever  in  the  Canal  Zone  by 
Anopheles  Mosquitoes.    Jour.  Am.  Med.  Assn.,  1909,  liii,  2061. 
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mining,  for  the  leprous  lesions  were  such  as  to  obscure  a  clinical  diagnosis 
of  syphilis  and  such  histories  as  could  be  obtained  were  of  but  little  value. 
Probably  a  similar  condition  exists  in  most  leproseria,  and  if  such  is  the 
case  the  influence  of  uncomplicated  leprosy  on  the  "Wassermann  reaction 
is~a  problem  which  remains  to  be  solved. 

Twelve  of  our  forty-two  patients  were  under  20  years  of  age.  Nine 
of  these  gave  negative  reactions,  two  gave  weakly  positive  reactions  and 
one  gave  a.  strongly  positive  reaction. 

Since  performing  these  teste  Noguchi's  article  entitled  "Experimental 
Research  in  Syphilis"4  has  appeared,  and  in  this  article  he  states  that  the 
serum  from  each  of  three  lepers  gave  a  negative  reaction  when  a  culture 
of  Treponema  pallidum  was  used  as  antigen. 

"When  opportunity  is  afforded,  the  forty-two  cases  above  cited  will  be 
again  tested  using  the  two  types  of  antigen  simultaneously. 


YELLOW   PEVEB 

The  test  was  performed  with  the  serum  of  one  patient  who  had  had 
yellow  fever  and  with  the  serum  of  one  during  the  attack.  Both  tests  were 
negative.  The  latter  was  seen  at  the  Culebra  Island  Quarantine  Station 
on  about  the  sixth  day  of  the  disease.  His  temperature  had  just  dropped 
to  98.6  F. ;  his  pulse  was  40.  There  was  an  icteric  tint  to  the  skin.  His 
urine  was  brownish-yellow  and  became  solid  on  boiling.  The  patient  was 
intelligent  and  gave  a  straight- forward  history  admitting  gonorrhea  and 
denying  syphilis.  There  was  no  evidence  of  either  past  or  present 
Byphilitic  infection.  The  serum  separated  from  the  clot  without  any 
hemolysis  taking  place  and  was  mahogany  brown  in  color.  The  Noguchi 
■  was  performed  with  0.02  c.c.  of  active  serum,  with  0.08  c.c.  of  inacti- 
vated serum,  and  with  0.16  c.c.  of  inactivated  serum.  There  was  no 
inhibition  of  hemolysis  in  any  instai 

On  account  of  its  possible  bearing  in  this  connection  I  wish  to  allude 
to  the  effed  of  bile  or  bile  constituents  on  the  reaction.  It  has  I 
stated  that  if  they  be  preseni  in  a  blood-serum,  such  serum  will  give  a 
positive  reaction  even  though  Byphilis  may  be  absolutely  excluded,  and 
that  if  bile  be  added  to  a  normal  serum  it  will  also  give  a  positive  reac 
tion.8  (It  niu-l  be  home  in  mind  thai  t ln-~>-  statements  referred  to  the 
original  Wassermann  tesl  while  this  paper  deals  with  the  Noguchi  modi- 
fication only.)      It  was  possible  to  confirm  this  latter  statement    in  a 


•1.  Noguchi,  II.:  Experimental  Research  In  Syphilis.  .Tour.  Am.  Med.  Assn.] 
1012,  Uiii.  1 L63. 

6.  Kaplan,  D.  M. :  The  Theoretical  Consideration  ol  the  Wassermann  Reaction 
and  it-  Practical  Application.    Am.  Jour.  Med.  Be.,  July,  1910. 
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measure  by  the  addition  of  varying  amounts  of  highly  diluted  bile  to 
normal  serum.  However,  the  results  obtained  with  naturally  jaundiced 
sera  were  satisfactory. 

In  the  series  of  tests  considered  in  this  paper  the  sera  were  moderately 
or  deeply  jaundiced  in  ten  instances.  Nine  of  these  sera  gave  negative 
reactions.  Hemolysis  took  place  as  quickly  and  was  as  complete  with  these 
sera  as  with  other  normal  sera  which  were  examined  at  the  same  time. 
The  jaundiced  serum  which  gave  a  positive  reaction  did  not  inhibit 
hemolysis  in  the  control  tube,  a  phenomenon  which  may  occur  when  bile 
is  added  to  normal  serum. 

BLACKWATER    FEVER 

Blackwater  fever  causes  a  hematogenous  jaundice  and  the  blood  serum 
is  mahogany-brown  in  color.  Each  of  four  cases  gave  a  negative  Wasser- 
mann  test. 

YAWS 

Two  cases  of  yaws  in  each  of  which  Treponema  pertenuis  was  demon- 
strated and  in  which  there  was  no  history  of  syphilis  and  no  lesions 
resembling  syphilids  other  than  the  typical  yaw  rupia  and  the  general 
glandular  enlargement,  gave  positive  reactions.  A  third  and  similar  ease 
gave  a  negative  reaction  on  two  occasions. 

FILARIASIS 

The  reactions  in  the  two  cases  of  filariais  (F.  bancrofti)  of  long 
standing  were  negative.  Both  of  these  patients  exhibited  filarial  embryos 
in  the  blood-stream  at  night  and  both  passed  chylous  urine  containing  the 
filarial  embryos.  The  second  patient,  a  white  man,  claims  that  he  was 
treated  for  the  same  condition  in  British  Guiana  in  1904. 

AMEBIC    DYSENTERY 

Five  cases  of  amebic  dysentery  gave  negative  reactions.  Four  of  these 
cases  were  due  to  Entamoeba  histolytica,  and  one  had  a  heavy  infection  of 
Entamoeba  teiragena. 

ARTHRITIS 

Tertiary  syphilis  is  seldom  held  responsible  for  joint  lesions  by 
clinicians. 

If  a  positive  Wassermann  test  coupled  with  a  positive  therapeutic  test 
may  be  taken  as  a  criterion  of  diagnosis,  syphilis  plays  a  most  important 
part  in  the  causation  of  arthritis. 

More  than  40  per  cent,  of  the  cases  of  arthritis  on  which  Wassermann 
reactions  were  requested  during  the  past  eighteen  months  have  given  posi- 
tive tests.  This  percentage  would  be  still  higher  if  those  cases  in  which 
a  tentative  diagnosis  of  gonorrheal  arthritis  might  have  been  made  were 
excluded. 
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The  arthritides  were  characterized  by  the  cardinal  signs  of  inflamma- 
tion, heat,  pain,  aggravated  by  motion  or  pressure,  and  swelling.  Many 
of  these  joints  were  simply  boggy,  some  had  effusion.  These  lesions  were 
almost  always  multiple. 

,  The  physicians  in  the  medical  wards  of  Ancon  Hospital  requested  the 
\V;  nermann  test  on  this  class  of  cases,  and  to  them  belongs  the  credit 
for  suspecting  the  possibility  of  syphilis.  I  present  them  here  to  call 
attention  to  the  value  of  the  test  in  cases  of  arthritis. 

Out  of  100  cases  of  arthritis,  some  without  other  discernible  lesions  i>( 
syphilis  and  some  with  one  or  more  tertiary  manifestations  of  the  disease, 
all  secondary  stage  cases  being  excluded,  forty-one,  or  41  per  cent.,  gave 
positive  Wassermann  reactions. 

In  a  recent  number  of  Deutsche  medizinische  Wochenschrift,  Bering0 
describes  a  series  of  eleven  cases  of  arthritis,  seven  of  them  not  presenting 
any  lesion  of  syphilis  other  than  the  joint  lesions,  and  ten  of  them  giving 
positive  "Wassermann  reactions. 

AUTOPSIES 

The  "Wassermann  test  is  a  reaction  of  value  in  a  certain  number  of 
cases  which  come  to  the  post-mortem  table.  As  time  goes  on,  its  value  will 
probably  become  more  and  more  appreciated.  If  the  blood  is  recovered 
shortly  after  death  it  is  apparently  as  serviceable  as  if  obtained  during 
life.  If  post-mortem  changes  have  occurred  there  is  an  inhibition  of 
hemolysis  in  the  control  tube.  Swift7  compared  the  Wassermann  test  and 
the  Xogurlii  modification  of  the  same  with  blood  from  autopsies  in  1909, 
and  a  limited  use  of  the  test  has  been  made  since  then. 

Below  are  giver  Borne  of  our  casos  tested  and  the  results  of  the  b 

Autopsy  2S7S  Man.  aneurysm   ruptured  into  pericardium;   positive. 

Autopsy  2!t!»l  Man,  gumma   (?)  of  heart;  positive. 

Autopsy  2994  Woman,  extensive  carcinomatosis;  negative. 

Autopsy  3030  Man,  myoear ditis ;  negative, 

Autopsy  3032  Man.  aneurysm,  ruptured;  positive. 

Autopsy  3046  I  bild,  malaria,  I  ympha  i  ism  ■,   negative, 

CONCLUSIONS 
1.  Guirn  rum  mii-t  be  tested  for  native  antihuman  hemolysin 

in  certain  Localities  and  all  sera  in  which  they  are  found  discarded. 

Malarial    infection    does    qo1    affeel    the    Wassermann  -reaction 
I  Noguchi  modification). 

:;.  Our  cases  of  Eilariasis,  yellow  fever,  blackwater  fever  and  amebic 
•  ntery  all  gave  negative  reai  tions.    Their  number  is  too  Bmall  to  draw 
conclusions  from. 


6.  Bering,  P.:    Acquired  Syphilitic  Join!   Disease.     Deutsch.  med.  Wchnschr., 
1912,  Eccviii,  899i 

7.  Swift,  Homer   P.:    \  I  omparative  Study  of  Serum   Diagnosis  in  Syphilis. 
I  in.    \i:<  fflVKS   [NT.   Ml  d  .   1909.  Iv,  877. 
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•i.  Two  out  of  three  uncomplicated  cases  of  yaws  gave  positive 
reactions. 

5.  The  Wassermann  test  is  of  great  value  in  cases  of  arthritis  of  uncer- 
tain etiology. 

6.  The  Wassermann  test  should  be  made  an  aid  to  the  pathologist  in 
a  considerable  number  of  autopsies. 

I  here  wish  to  express  thanks  to  Col.  John  L.  Phillips,  U.S.A.,  Acting  Chief 
Sanitary  Officer.  Isthmian  Canal  Commission,  for  permission  to  publish  this  paper. 

I  also  wish  to  express  thanks  to  Dr.  S.  T.  Darling,  Chief  of  Laboratory,  Ancon 
Hospital,  for  helpful  suggestions  given  during  preparation  of  this  paper. 


POISONING    I'.V    NITRIC    OXID    FUMES* 

n:.\\(  [S    «  ai:i  1:1:    WOOD,    m.d. 

i  in  r\n:i.\    UNIVERSITY,    M  W    JOBK 

This  case  of  fatal  poisoning  by  nitrogen  tetroxid  fumes  is  reported 
for  its  medicolegal  Lnteresl  and  also  because  of  the  rarity  of  the  condition 
and  a  general  lack  of  recognition  of  the  pathological  changes  in  the  lungs 
of  persons  dying  from  the  action  of  this  very  dangerous  gas. 

When  nitric  acid  acts  on  certain   metals,  such  a>  copper,  silver,  ot 

cadmium,  a  gas  is  given  off  with  the  composite £   No  or  nitrogen 

dioxid.  When  this  gas  comes  in  contacl  with  the  air  ii  absorbs  oxygen, 
with  the  production  of  nitrogen  tetroxid  or  N\.< »,.  It'  either  of  these 
compounds  of  nitrogen  and  oxygen  comes  in  contact  with  moisture, 
nitrogen  dioxid  forms  nitric  acid,  while  nitrogen  tetroxid  is  slowly  decom- 
posed into  nitric  and  nitrous  acids.  These  arc  the  decompositions  which 
occur  when  brown  fumes  are  given  off  by  the  action  of  nitric  acid  on  the 
substances  mentioned  above. 

When  strong  nitric  acid  acts  on  organic  bodies  it  produces  nitrogen 
trioxid.  This  immediately  decomposes,  however,  into  a  mixture  of 
nitrogen  trioxid  and  nitrogen  tetroxid.  The  nitrogen  trioxid  is  con- 
tinuously converted  into  nitrogen  tetroxid  by  the  action  of  the  atmos- 
pheric air.  Inhalation  of  these  gaseous  compounds  occasionally  occurs  in 
laboratories  or  factories  where  considerable  quantities  of  these  fumes  are 
formed,  either  during  the  course  of  some  reaction  or  when  ;i  carboj  of 
nitric  acid  is  -pilled. 

\The  inhalation  of  nitrogen  tetroxid  vapor,  if  no1   t loncentrated, 

causes  at  lii\-t  no  Bymptoms,  with  the  exception  of  a  slighl  tendencj  to 
cough  and  an  acid  taste  in  the  mouth.  It  has  occasionally  been  observed 
thai  workmen  have  remained  for  some  hour-  in  a  room  in  which  nitric 
acid  has  been  spilled  without  showing  any  evidences  of  injury,  or  that  it' 
on  feeling  uncomfortable  they  went  into  the  open  air,  the  symptoms  have 
disappeared  rapidly,  only  to  recur  in  full  force  -i\  to  eighl  hours  later, 
[f  the  vapors  are  concentrated,  the  patient  may  suffer  immediately  from 

ere  dyspnea,  a  feeling  of  pressure  on  the  chest,  coughing,  faintness 
and  cyanosis.     Dyspnea  and  slighl  cyanosis  are  the  frequenl  Bymptoms; 

the  patient  often  on  reaching  the  air  also  vomits  any  f I  thai  maj  be 

in  'he  stomach  and  then  feel-  perfectl}  well  for  a  period  of  -i\  or  eighl 
hour-.     At  the  end  of  this  time,  often  without  any  inciting  cause,  Borne 
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times  while  the  patient  is  quietly  seated  or  asleep  in  bed,  there  is  a  sudden 
attack  of  extreme  dyspnea,  with  a  sense  of  oppression  in  the  chest,  or  a 
feeling  of  anxiety,  so  that  the  cases  resemble  acute  attacks  of  asthma. 
Usually  there  is  a  good  deal  of  thirst  and  a  sense  of  suffocation.  A  cold 
sweat  breaks  out  on  the  features,  the  eyes  protrude,  and  the  patient  talks 
with  difficulty.  From  time  to  time  paroxysms  of  coughing  occur,  lasting 
from  ten  to  fifteen  minutes  and  terminating  in  vomiting.  Cyanosis  is 
regularly  present.  The  mind  is  perfectly  clear.  The  patient  usually  dies 
within  forty-eight  hours,  though  in  some  cases  death  has  not  occurred 
for  five  to  eight  days,  or  more  rarely  two  to  three  weeks. 


Fig.  1. — Case  D.  Low  power  of  lung,  to  show  irregular  distribution  of  pneu- 
monia and  emphysema  and  thrombi  in  vessels.     X  10. 

The  blood  is  dark  in  color,  but  generally  shows  only  oxyhemoglobin.1 
The  urine  may  show  albumin  and  blood  pigment  (in  one  case,  hematin  ). 
but  not  constantly.  Death  occurs  in  consequence  of  edema  of  the  lungs, 
and  is  usually  preceded  by  the  expectoration  of  a  good  deal  of  foamy 
yellowish  fluid  and  evidence  of  cardiac  failure.  In  some  cases  severe 
diarrhea  and  collapse  are  observed,  but  this  is  not  a  frequent  form  of 
termination. 

1.  Czaplewski  was  able  to  demonstrate  metheiroglobin  in  only  one  out  of 
twelve  eases  of  severe  poisoning,  and  this  was  not  a  fatal  case. 
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In  patients  who  have  inhaled  small  amounts  of  gas  and  have  unproved 
after  the  Lrrsl  attack  of  edema  of  the  lungs,  the  disease  may  continue  for 
;i  number  of  days  with  the  clinical  symptoms  of  acute  bronchitis  and 
evidences  in  the  chesl  of  Lobular  or  Lobar  pneumonia.  Usually  there  is 
extreme  dyspnea.  The  sputum  is  tenacious,  yellowish  or  brown.  Vomit- 
ing may  be  so  extreme  as  to  mask  the  pulmonary  symptoms,  though  as  a 
rule  this  is  uncommon.  Such  cases  may  recover,  bui  often  show  an 
increased  liability  t<>  bronchitis  or  pneumonia  for  months  afterward. 

Ai  autopsy  the  larynx,  trachea  and  bronchi  are  congested  and  of  a 
reddish  or  brownish  color.     If  the  patienl  dies  shortly  after  exposure,  the 


Fig.  2.     Dog   i.    Lobular  pneumonia  with  emphysema  five  days  after  inhalation 
"i  gas.     Low  power. 


lung  i-  edematous;  in  those  living  for  several  days,  il  is  emphysematous, 
with,  in  addition,  a  moderate  amounl  of  pneumonic  exudate.  The  vessels 
of  the  Lung  often  contain  thrombi.  From  the  cu1  Burface  exudes  a 
reddish  or  brownish  fluid.  In  the  other  organs  ecchymoses  arc  occasion- 
ally  found.     Focal  necroses  max  occur  in  the  Liver.     The  meninges  arc 

often  congested  and  there  ar :asionally  punctate  hemorrhages  through 

ciii  the  substance  of  the  brain.  The  kidneys  have  in  a  few  cases  shown 
acute  degeneration  <>r  acute  nephritis;  generally,  however,  the)  arc  n<>t 
in m -li  altered. 
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The  number  of  published  cases  of  death  following  the  inhalation  of 
vapors  of  nitrogen  tetroxid  is  not  very  large ;  but  owing  to  the  greatly 
increased  use  of  nitric  acid  in  the  arts,  cases  of  such  poisoning  are  likely 
to  lie  more  frequent  in  the  future,  and  they  may  also  assume  a  medico- 
legal importance  in  connection  with  accident  insurance  and  employers' 
liability  acts.  On  tins  account  the  following  fatal  case  is  reported, 
together  with  the  results  of  animal  experiments  and  a  survey  of  the  cases 
already  published. 

CASK    REPORT 

History. — The  patient.  1)..  in  this  instance,  accidentally  inhaled  the  fumes 
arising  from  a  large  vessel  containing  considerable  quantities  of  nitric  acid  and 
a  cadmium-silver  alloy.  The  room  in  which  the  experiment  was  conducted  was 
small,  and  the  patient  experienced  some  discomfort  and  a  sensation  of  choking, 
and  went  into  the  open  air.  After  a  few  minutes  he  vomited  and  then  felt  much 
better.  There  were  no  further  symptoms  until  some  six  or  eight  hours  later,  when 
he  was  seized  with  intense  dyspnea,  and  collapsed.  Twenty-four  hours  later  he 
entered  the  hospital,  remaining  there  until  his  death  seven  days  after  the  exposure. 


.- 


•>* 


.:-:\>C- 


Fig.  3. — Case  D.  Medium  ^ized  bronchus  showing  edema  of  wall  and  loss  of 
epithelium.      X  250. 

<hi   admission  he  complained   chiefly  of  weakness,  pain   in   the   throat  and  chest, 
and  intense  dyspnea. 

Examination. — Examination  showed  a  well  nourished  man  with  slightly  dilated 
heart,  of  rapid,  feeble  action,  soft  pulse.  He  was  suffering  at  the  time  of  the 
examination  from  very  severe  dyspnea,  with  extremely  rapid,  shallow  respiration 
and  marked  cyanosis.  Prostration  was  very  extreme,  hut  the  patient's  mind  was 
clear.  The  pupils  were  equal  and  reacted.  The  lips  and  tongue  were  intensely 
cyanosed;  the  throat  was  congested.  The  lungs  showed  marked  dulness  at  both 
liases  posteriorly:  broncho  vesicular  breathing,  with  slightly  bronchial  voice  and 
scattered  rales,  most  marked  over  the  right  base.  The  extremities  were  cold  and 
cyanotic.  The  temperature  ranged  from  100  to  102  F. :  the  pulse  from  about 
100  tn  140:  respirations  from  44  to  (ill.  during  the  patient's  stay  in  the  hospital. 
He  was  given  oxygen  inhalations,  and  blood  was  drawn  for  examination.  It  was 
very  dark  in  color  but  when  examined  spectroscopically  shewed  oxyhemoglobin 
only  and  no  evidence  of  carbon  monoxid2  or  methemoelobin.     Under  the  stimula- 


2.   Illuminating  gas   poisoning  had   been   suspected. 
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tion  of  the  oxygen  inhalations  the  patienl  got  along  fairly  satisfactorily  for  several 
days.  Examination  of  the  urine  showed:  Specific  gravity,  1.026;  albumin,  -  per 
cent,  by  volume;  a  few  leukocytes,  imiiu-.  and  red  cells;  n<>  casts.  Repeated 
examinations  gave  the  same  findings,  except  thai  three  days  before  death  the 
urine  contained  a  trace  of  albumin  only  and  ;t  few  hyaline  casts.  The  day  before 
the  patienl  died  there  was  5  per  cent,  of  albumin  by  volume,  with  a  few  hyaline 
and  granular  casts. 

During  the  lasi  few  days  the  patient's  respiration  \\;i~  verj  labored;  he  was 
restless  and  complained  of  headache  and  nausea,  and  was  able  to  sleep  only  a 
few  hours  miring  the  iij:lit.  The  <l;i\  before  he  died  he  became  verj  restless  and 
was  irrational;  the  puis.-  was  very  feeble  and  irregular,  and  breathing  was 
increasingly  difficult.  While  there  was  ;it  times  an  annoying  cough,  1 1  j i  —  was 
never  .i    prominent   symptom.     The  only   alteration   in   the  physical   signs   noted 
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I).     Fibrinous  and   livaline  exudati 


...i-  .hi  increase  in  the  area  of  dulness  in  the  lungs  and  evidences  ol  congestion 
and  edema  of  i  he  upper  li  : 

The  red  blood-cell  counl  was  5,400.000  with  normal  morphology;  the  hemo 
^lobin  was  90  pei  cent.  The  white  blood  cell  counl  was  17,000;  polynuclears 
68  per  cent.,  lymphocytes,  30  per  cent.,  basophils.  -  per  cent. 

Vecrop  "  \t  autopsy,  which  was  done  after  embalming  with  a  fluid  con 
taining   formaldehyd,  the  importanl   gross  lesions  found  were  as  follows: 

1.  \i;   irregulai    cavitj    with  sharplj    defined   walls  in   the  corpus  striatun 

each  Bide  of  the  brain,  containing  b  c!eai     colorless    fluid. 

2,  \  moderately  dense  lobular  pneumonia  in  tin  lower  and  posterior  portion 
of  i  he  lungs  "ii  bol  ti  sidi 

The  liver  and  kidneys  Bhowed  nothing  al mal.     The  hearl   «;i-  dilated  and 

■  d   pale  and   fal  tj  . 
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Microscopical  Examination. — The  microscopical  examination  of  the  tissues  was 
not  at  all  interfered  with  by  the  previous  embalming,  the  organs  being  in 
excellent   condition  and  thoroughly  hardened. 

The  lesion  in  the  brain  was  of  especial  interest,  inasmuch  as  the  patient  had 
had  a  severe  accident  about  a  year  before  his  death.  Yet  the  examination  of 
the  tissues  involved  did  not  permit  of  a  connection  between  this  lesion  and  the 
accident  for  the  following  reasons:  First,  the  cavity  contained  clear  watery 
fluid,  which  was  not  blood  stained.  Such  a  fluid  would  be  seen  only  in  either 
a  congenital  or  a  parasitic  cyst  of  the  brain,  and  such  a  lesion  would  not  in  all 
probability  lie  symmetrical.  Second,  the  walls  of  the  cavity  were  perfectly  sharp. 
Microscopical  sections  showed  that  the  individual  brain  cells  along  the  walls  were 
perfectly  preserved,  and  that  small  capillary  vessels  had  been  torn  across,  the 
ends  still  remaining  open.  There  was  not  the  slightest  evidence  of  an  inflam- 
matory reaction  or  the  formation  of  a  membrane.  It  is  probable,  therefore,  that 
this    tear    was    formed    post    mortem    by    the   injection    at    high    pressure    of    the 


Fig.  5. — I  ase  1).     Areas  containing  chiefly  pigmented  cells.     X   250. 

embalming  fluid.  That  this  is  possible  was  proved  by  some  experiments  on 
human  cadavers  in  which  similar  artefacts  were  induced.  The  vessels  may  have 
been  weakened  by  the  action  <>f  the  poison,  especially  as  Tomellini3  has  shown 
that  in  acute  nitrite  poisoning  small  hemorrhages  can  be  found  in  the  organs, 
usually  confined,  however,  to  the  stomach,  intestine  and  liver.  As  stated  above, 
small  quantities  of  nitrous  acid  may  be  formed  when  nitrogprv  tetroxid  comes  in 
contact  with  moisture.  Such  nitrous  acid  would  naturally  combine  with  the  free 
alkali  in  the  tissues  and  blood  and  circulate  as  sodium  nitrite.  Thi-  might  be 
the  cause  also  of  the  very  soft  and  rapid  pulse  occasionally  seen  in  these  cases  of 
poisoning,  and  suggests  an  explanation  for  the  very  dark  color  of  the  blood  noted 
in  almost  all  cases  of  this  form  of  intoxication,  it  beiii"'  well  known  that  nitrites 


3.  Tomellini:   Beitr.  z.  path.  Anat.   (Ziegler's),  1905,  xxxviii.  395. 
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form  methemoglobin  <>u  contacl  with  bl I.    The  amount,  however,  is,  aa  previously 

stated,  usually  too  small  to  give  a  characteristic  spectrum. 

The  liver  and  kidneys  showed  practically  no  changes  on  microscopical  exam- 
ination. A  large  number  of  sections  from  the  liver  showed  ;i  verj  n\\  small 
necroses  and  a  little  fatty  degeneration.  The  kidneys  also  were  in  g 1  condi- 
tion with  only  a  slight  cloudy  swelling  of  the  tubular  epithelium  and  some 
congestion  of  the  tufts  in  the  capsules  and  of  the  intertubular  vessels;  but  there 
were  no  casts  in  the  tubules  and  no  evidences  of  interstitial  nephritis. 

The  heart  muscle  Bhowed  a  small  amounl  of  tat  infiltration,  buf  was  other- 
w  i-.-  normal. 

The  interesting  lesions  were  those  in  the  lungs.  As  stated  above,  there  was 
a  lobular  pneumonia  chiefly  in  the  lower  1«>1«~.  Between  the  areas  of  consolida- 
tion there  was  a    very   marked   emphysema    with  absorption   of  a    large   number 


of  alveoli  90  .1-  to  form  large  cavities  easily  \  i - i l ■  1  ■  ■  to  the  naked  eye,  a  phenome 
non  which  regularlj  occurs  nol  onlj  in  human  beings,  but  also  in  experimental 
animal*  i        l   and  2.)     The  mucous   membrane    "i   the  trachea   and   bronchi 

u,,_  desquamated  over  extensive  areas.      (Fig.  3  I      In  some  places   fragmenta  of 

ti pithelial   lining  could   !»■   found   -till   adhering   to  the  wall-  or  collected    in 

jn  the  lumen,  with  extreme  edema  of  the  subepithelial  connective  tissue. 
Occasional]}  a  bronchus  waa  found  into  which  had  grown  a  cellulai  plug  largely 
filling  the   lumen.     About    the   Binaller   bronchi   wen    areas   ol   consolidation,  the 

nlvcoli   being   filled   either   with   a    transparent    albumii -   mass,   oi    with   fibrin 

containing  a   few   leukocytes,  "i  with  desquamated  alveolai  epithelium.     (1 
In  some  places  the  epithelium  was  full  of  phngocyted  blood-pigment.        I 
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Throughout,  many  alveoli  contained  red  hlood  corpuscles.  (Fig.  6.)  The  capillaries 
in  the  walls  were  distended  with  hlood  and  the  walls  themselves  were  very  edema- 
tous and  much  thickened.  In  places  there  was  evidence  of  beginning  regeneration  of 
the  alveolai  epithelium  which  either  lined  the  alveolus  (Fig.  7)  in  the  form  of 
a  thin  flat  layer  of  cells  much  more  prominent  than  i-  -een  in  a  normal  lung. 
or  occurred  as  swollen  prominent  hemispherical  cells  protruding  into  the  lumen 
Sometimes  the-e  cell-  formed  considerable  masses  or  were  fused  into  syncytial 
bodies.  (Fig.  s.i  A  true  organizing  pneumonia  could  hardly  be  said  to  be 
present.  The  fibrinous  plugs  occasionally  became  very  dense  and  were  covered 
with  new  epithelium,  and  in  rare  instances  were  penetrated  by  fibroblasts,  but 
this  was  not  at  all  a  predominant  lesion.  In  other  portions  of  the  lung  the 
alveolar  structure  had  entirely  disappeared,  the  lung  being  quite  collapsed  and 
the  regenerating  epithelium  showing  as  solid  syncytial  masses  or  as  strands  of 
cells  lying  in  the  fairly  dense  pulmonary  tissue.  (Fig.  9.)  The  upper  portions 
of  the  lungs  were  fairly  well  aerated  and  showed  a   moderate  emphysema,  but  no 
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Fig.  7. — Case  I).     Regeneration  of  alveolai    epithelium.      X   25ft. 


other  lesions.  The  bronchial  lymph-nodes  were  edematous  and  heavily  pigmented; 
but  otherwise  normal.  In  the  smaller  vessels  of  the  lungs  there  were  a  number 
of  parietal  thrombi;  occasionally  a  thrombus  tilled  the  entire  ve>sel :  and  there 
was  some  proliferation  of  the  endothelial  lining,  showing  that  these  thrombi  were 
undoubtedly  ante  mortem.  Similar  thromboses  can  be  easily  induced  in  animals 
by  the  inhalation  of  nitrogen  tetroxid  fumes.  Obviously,  no  cultures  could  he 
made  from  the  lung,  hut  a  large  series  of  sections  were  stained  by  the  various 
methods  used  for  detecting  bacteria,  and  no  organisms  cou'd  lie  found.  The 
condition  was  evidently  a  non-progressive  pneumonia  due  to  irritation  of  the 
corrosive   uases    inhaled,   and    showing  a    tendency    toward   repair. 

The  history  and  clinical   symptoms  of  the  case  and  the  nature  of  the  lesions. 
which   correspond  exactly  with  those  described  in  other  cases  of  nitrogen  tetroxid 
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poisoning,  and  the  confirmatory  results  of  animal  experimentation  which  follow, 
point,  it  seems  to  me.  to  the  conclusion  that  death  in  this  case  was  unquestion- 
ably due  to  the  accidental  inhalation  of  this  gas. 

CASES  FROM  THE  LITERATURE 

An  examination  of  the  literature  of  nitrogen  tetroxid  poisoning  shows 
only  a  moderate  number  of  carefully  studied  cases.  Most  of  the  earlier 
ones  were  insufficiently  examined,  and  in  few  are  there  any  micro- 
scopical reports. 

Schubert,  in  1911,  was  able  to  collect  213  cases  of  poisoning  by 
nitrogen  tetroxid.  (if  which  fifty-five  were  fatal.     With  very  few  exeep- 
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Fig.   10. — Dog  4.     Bronchus  showing  epithelium  and  cilia  still  remaining,  hut 
marked  edema  and   congestion   of  submucosa.      X    300. 

tions,  all  these  eases  occurred  in  the  last  fifteen  years,  and  chiefly  in  the 
German  Empire.  There  are  no  doubt  many  cases  which  have  never  been 
published  for  obvious  reasons.  Concentrated  nitric  acid  is  extensively 
used  in  the  manufacture  of  gun-cotton,  nitroglycerin,  smokeless  powder 
and  celluloid,  and  it  is  said  that  many  cases  of  poisoning  occur  in  these 
factories.  The  following  reports  include  only  those  in  which  an  autopsy 
was  performed. 

The  most  carefully  studied  cases  are  the  four  which  were  reported 
from  Cologne  following  the  breaking  of  some  carboys  of  nitric  acid  in  a 
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small  room  about  12x6x8  feet.  The  clinical  histories  were  reported  by 
Savels;4  the  pathological  finding  by  Loeschcke,5  and  the  medicolegal 
aspects  "i  the  cases  by  Czaplewski0  and  Schubert.7  While  the  reports  do 
nol  wholly  agree  in  minor  details^  the  important  findings  are  given  so 
-fully  rhat  a  very  satisfactory  picture  of  poisoning  of  this  type  is  pre- 
sented.   For  this  reason  a  full  abstract  of  these  cases  is  given  here. 

Case  I. —  r>.  K.  The  patient  was  a  man,  4-2  years  old.  He  was  cleaning  out 
the  room  after  the  accident  and  remained  in  ii  foi  about  twentj  minutes,  when 
he  felt  weak  and  went  home.  He  vomited  and  had  diarrhea,  and  -"me 
hours  after  the  accident  was  seized  with  intense  dyspnea,  cyanosis,  and  cardiac 
weakness.      He   died    in    the    hospital    about    five  and    a    half   hours  after   he  had 
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I  ig  1 1.  j   i.    Terminal  bronchus  and  alveoli  with  swollen  and  desquamated 

epithelium.      •    300. 


left  the  room  in  which  he  was  exposed  t"  the  vapor.  The  autops)  showed  chief!) 
emphysema  and  edema  of  the  lungs.  Section  of  the  lung  had  a  \n>l<'t  red  color 
and  showed  man)  bright  red  spots  which  were  especially  \\<ll  aerated.  A  verj 
nbundant,  foamy,  pale-red  iliiiil  exuded  from  the  cut   surface.     In  the  bronchi  and 

trachea  there  was  > Ii  thin,  foam)  secretion  with  -mall  amounts  of  thick  mucus. 

The  mucous  membrane  was  a  bluish-red  color.     Microscopical!)   the  brain  showed 


i    Savels:     Deutsch.  i I.  WchnBchr.,   1910,  xxxvi,   1754 

5,   Loeschcke:      Beitr.  /.  path     Vnnt.    (Ziegler's),   1910,  xlix,    157 
6    <  zaplewski:     Vrtljach.  f.  gerichtl.  Med.,   1912,  \liii. 
,  >  r  l  .<■  1 1  :     Ztschr.  i    Mi  •!    Beamte,   191 1.  \\i\.  567. 
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no  lesions  except  small  perivascular  hemorrhages.  The  kidneys  showed  intense 
congestion  with  some  necrosis  in  the  ascending  branch  of  Henle's  loop.  The  lungs 
showed  marked  emphysema  with  intense  congestion:  the  alveolar  epithelium  was 
very  largely  desquamated  and  lay  in  masses  in  the  alveoli.  In  the  alveolar 
walls  and  also  in  the  lumen  there  were  numerous  red  cells  and  abundant  leuko- 
cytes, and  in  some  regions  the  walls  of  the  alveoli  were  covered  with  a  hyaline 
exudate.  The  mucous  membrane  of  the  bronchi  was  not  alter.',!  microscopically. 
The  liver  showed  nothing  especially  noteworthy. 

CAse  2. Sch.  Th.     The  patient  was  41  years  old  and  had  always  previously 

been  well.  While  cleaning  out  the  cellar  he  noticed  no  discomfort  except  irrita- 
tion in  the  chest  and  occasional  tendency  to  cough.  After  the  accident  he  had 
a    mild    headache.    >ome    coughing    without    sputum,    and    a    feeling   of    weakness. 


Fig.  12. — Dog  4.     Desquamation  of  alveolar  epithelium.     X   300. 

Three  hours  after  the  accident  he  had  pain  in  tlie  chest  and  a  chill,  and  went 
to  bed.  but  could  not  remain  there  on  account  of  extreme  dyspnea,  a  feeling 
of  pressure  on  the  chest,  and  violent  coughing.  He  was  taken  to  the  hospital, 
and  on  examination  there  was  found  to  be  extremely  pale  and  cyanotic.  The 
pupils  were  dilated,  and  reacted  slowly  to  light:  but  otherwise  there  were  no 
nervous  symptoms.  His  mind  was  clear.  Breathing  was  rapid  and  difficult 
with  marked  action  of  the  auxiliary  respiratory  muscles.  Over  the  lung  there 
were  sonorous  percussion  notes,  with  fine  inspiratory  crackles:  no  coughing;  no 
sputum.  The  temperature  was  101.1  F. :  the  pulse  was  rapid,  108,  small  and  soft. 
The  heart-sounds  were  pure.     The  patient  had  a  venesection  of  250  c.c.  of  blood, 


4!iil 


IAT///1  /;>     OF     IXTERXAL     MEDICIXE 


which  was  strikingly  dark  and  tar-like,  and  coagulated  rapidly,  but  spectro- 
scopieally  showed  only  bands  of  oxyhemoglobin.  There  was  a  -lijzht  increase  in 
the  number  of  white  cells.  In  spite  of  oxygen  inhalation-  the  patient  became 
rapidly  worse;  he  complained  of  a  feeling  of  compression  of  the  larynx,  of 
intense  thirst,  and  of  frightful  dyspnea.  The  face  was  eovered  with  sweat,  the 
eyes  protruded,  and  he  could  Bcarcelj  speak;  the  pulse  became  more  rapid,  rising 
"to  11".  and  tin-  temperature  was  L01.8  K.  He  died  in  coma  forty-eight  hours 
after  the  accident  with  signs  of  edema  of  the  lungs,  the  final  temperature  bi  ling 
102.9   F. 

The  urine  passed  during  hi-  stay  in  the  hospital  was  small  in  amount,  highly 

colored,  faintly  acid,  free  from  albumin,  and  contained  only  1  per  cent,  of  sugar, 

Hie  ammonia  was  -"in. -what  increased;  acetone  positive;  aceto-acetic  tests  negative. 

Autopsy  showed  the  lungs  to  be  greatly  distended,  covering  th-  pericardium; 

they  were  very  heavy.     The  pleural  surface  was  smooth.     Sections  showed  a  large 
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amouni  of  edema  and  congestion,  with  a  general  reddish  color  of  the  Burface  and 
numerous  small  granular  areas  scattered  throughout,  which  were  of  a  bright  red 
color  and  emphysematous.  The  mucous  membrane  <>i"  the  bronchi,  trachea  and 
pharynx  was  "t  a  bluish-red  color.  The  bronchial  lymph-nodes  were  large  and 
swollen.  The  brain  was  intensely  congested;  otherwise  there  was  no  change.  The 
kidneys  also  were  intenselj  congested,  with  no  other  change  evident.  The  liver 
was  pale  and  yellowish-brown  and  blackened  on  the  application  of  ammonium 
ulphid. 

Vficroscopicallj  there  were  no  changes  in  the  brain.  In  the  lungs  the  alveoli 
showed  sreal  variations  in  the  dimensions.  There  were  areas  of  relatively  narrow 
alveolar  spaces  filled  with  exudate,  partiallj  fibrinous,  partially  hyaline,  and  con 
taining  mam   red  and  white  cells,     Between  Buch  areas  there  were  large,  greatlj 
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dilated  spaces,  chiefly  without  content,  apparently  due  to  a  traumatic  emphysema, 
as  shown  by  the  spaces  where  the  torn  walls  were  hyaline  and  thrombosed  vessels 
lay  near  the  site  of  rupture.  The  epithelial  coating  of  the  alveoli  was  desqua- 
mated: that  of  the  bronchi  was  present  in  areas  though  showing  much  degenera- 
tion: in  other  places  it  was  entirely  missing.  All  the  vessels  of  the  lung  were 
greatlv  distended  with  blood.  The  spleen  showed  no  special  lesion  except  that 
there  were  many  phagocytic  cells  containing  blood  pigment.  The  liver  showed 
cloudy  swelling  with  numerous  areas  of  degeneration.  At  the  periphery  of  these 
foci  of  necrosis  there  was  already  beginning  repair  with  mitoses  in  the  liver 
cells.  In  the  kidneys  the  glomeruli  tufts  were  very  much  distended,  filling  the 
entire  capsule.  In  some  parts  of  the  capsule  there  was  a  small  amount  of  hyaline 
exudate  with  desquamation  of  the  capsular  epithelium.  The  cells  of  Henle's  loop 
were    completely  necrotic  and  in  the  convoluted  tubules  there  was  much  yellowish 
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Fig.  14. — Dog  4.     Intra-alveolar  growth  of  epithelium.  X  300 

granular  pigment.  Some  of  this  pigment  was  contained  in  the  tubular  epithelium. 
Hyaline  spherical  granules  were  also  found  in  the  lumen  of  the  tubules  with  an 
occasional  hyaline  cast. 

Case  3. — W.  W.  Previous  to  the  accident  the  patient  had  always  been  well. 
On  entrance  to  the  hospital  he  complained  of  moderate  pains  in  the  chest,  cough- 
ing and  slight  dyspnea.  On  examination  he  was  apparently  a  healthy  man  in 
good  condition.  The  skin  of  the  face  was  reddish;  the  mucous  membranes  were 
slightly  cyanotic.  Breathing  was  a  little  rapid,  percussion  sonorous.  All  over 
the  lungs  there  were  sibilant  rales,  with  a  few  moist  rales  over  the  lower  right 
chest.  The  pulse  was  10S.  There  was  some  distention  of  the  abdomen  with 
diffuse   tenderness.     The   stools  were   thin,   and   yellowish.     During  the   day  the 
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patient  expectorated  Bome  yellowish  sputum,  and  3ome  faintly  bronchial  breath- 
ing appeared  over  the  upper  lobe  of  th<-  right  lung;  and  al-<>  in  th<-  left  lower 
lobe  there  was  moderate  dulnesa  with  many  respiratory  rales.  The  temperature 
rose  i.i  :!!i  c.  The  1  >1« •< «■  1  obtained  >>n  venesection  was  dark  and  of  a  l>lui>li  color, 
but  spectroscopically  showed  only  oxyhemoglobin.  There  were  do  abnormalities 
in  the  urine.  Two  days  after  t h.-  accident  the  patient's  mind  was  clear;  he 
suffered  from  fever  between  •'!'.'  and  in  C.  with  irregular  remissions.  There  was 
bronchial  breathing  over  the  right  upper  lobe  and  left  lower  lobe,  and  edema 
over  the  rest  of  the  lung.  The  sputum  was  brownish-red,  thin  and  foamy,  and 
looked   like  pneumonic  sputum,  but   n<>  pneumococci   could   l>e  found.      Five  days 

after  the  accident  the  patient   had  a   i lerate  delirium.     Venesection   seemed  to 

improve  the  general  condition,  but    six   days  after  the  accident    the  bear!   action 


Fig.   15.—  1)"^-    i.     Thrombus   in  a    vessel;   blood  clot   t"  the  left;   lung  tissue 
,to  the  right.      •    300. 


became  verj  feeble,  the  pulse  was  irregular,  and  the  condition  progressive!} 
became  worse;  the  dyspnea  increased,  with  restlessness  and  picking  at  the 
bed  clothes.  The  patient  died  Beven  days  after  the  accident  with  evidences 
of  pneumonia   and   cardiac  failure.      \i    no  time  did   the  urine  show   anj    impor 

I  a  1 1 1     i  ■  1 1 . 1 1 1  gi 

Hie  diagnosis  at   autopsj    was  croupous   pneumonia   in  the  upper  lol n  the 

right  ~i<l<-  and  the  lower  l"l»'  on  the  left;  edema  of  the  lungs;   localized  necrosis 

in  the  liver.     The  upper   l"i f  the  right    lung  Bhowed   fresh  adhesions.     Both 

lu M^r-  were  verj  large  and  heavy.  On  Bection  the  whole  right  upper  l"i"-  was 
granular,   in   a    state  "i    red   hepatization,   and   absolute!}    free   from   air.     There 
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were  fibrinous  plugs  in  the  bronchi.  The  middle  and  lower  lobes  were  edematous 
and  contained  some  areas  of  pneumonia.  The  left  upper  lobe  and  the  upper  part 
of  the  lower  lobe  were  extremely  emphysematous.  The  lower  part  of  the  left 
lower  lobe  was  largely  granular,  free  from  air,  and  in  a  state  of  red  hepatization, 
with  a  few  fibrinous  plugs  in  the  bronchi.  The  trachea  and  bronchi  were  filled 
with  large  amounts  of  foamy  fluid.  The  liver  was  enlarged  and  intensely  con- 
gested, and  showed  on  cross  section  a  grayish-red,  cloudy  appearance  with  some 
grayish  areas  scattered  throughout.  Both  kidneys  were  very  large,  the  capsules 
slightly  adherent,  the  markings  indistinct.    The  spleen  showed  intense  congestion. 

On  microscopical  examination  of  the  lungs  the  alveoli  in  the  pneumonic 
portion  were  partly  of  normal  dimensions,  partly  very  greatly  dilated  and  filled 
with  exudate  which  consisted  chiefly  of  fibrin,  but  in  places,  of  a  smooth  hyaline 
material.  In  this  exudate  there  were  found  in  varying  numbers  cells  chiefly 
of  polynuclear  structure.  In  some  regions  the  staining  capacity  of  the  alveolar 
Avail  was  lost  and  in  these  areas  the  exudate  seemed  to  have  spread  from  one 
alveolus  to  another.  The  leukocytes  were  especially  abundant  here.  Some  of 
the  blood-vessels  were  thrombosed,  but  the  blood-supply  of  the  consolidated  areas 
was  slight.  The  alveolar  epithelium  was  absent  over  considerable  areas.  In 
some  places  there  were  isolated  epithelial  cells  with  long  projections  extending 
over  the  alveolar  wall,  evidently  a  beginning  regeneration.  The  projections  came 
into  contact  with  the  nearest  epithelial  cells,  and  in  this  way  large  areas  of 
alveolar  substance  had  been  covered  with  a  few  flat  cells.  In  areas  where  the 
regeneration  had  gone  further  the  cells  were  thicker  and  more  cubical,  though 
at  the  periphery  of  these  areas  they  still  retained  the  flattened  form.  The  cell 
boundaries  were  often  so  obscured  as  to  suggest  syncytial  structure.  Finally, 
some  alveoli  were  entirely  covered  with  cubical  epithelium,  occasionally  much 
higher  than  the  normal.  No  mitoses  were  observed.  The  epithelium  of  the  smaller 
bronchi  was  still  preserved.  In  the  portions  of  the  lung  not  involved  in  the 
pneumonia  the  alveoli  were  partly  free  from  exudate  and  partly  contained  larger 
or  smaller  amounts  of  fibrin,  leukocytes  and  red  cells  The  fibrin  in  places  had 
undergone  hyaline  degeneration.  The  epithelial  regeneration  in  these  areas  had 
progressed  further  than  in  the  hepatized  portions,  so  that  most  of  the  alveoli 
were  covered  with  a  thin,  flat  epithelial  layer.     Xo  bacteria  could  be  found. 

Section  of  the  liver  showed  areas  of  necrosis  in  the  center  of  practically  all 
of  the  acini.  The  central  vein  was  frequently  thrombosed.  Polynuclear  leuko- 
cytes were  scattered  through  the  necrotic  tissue.  The  liver  cells  at  the  periphery 
of  the  acini  were  large,  their  nuclei  rich  in  chromatin,  and  showed  mitoses. 
Pigmentation  of  the  liver  cells  was  slight  in  amount. 

The  glomeruli  of  the  kidney  were  large;  the  capsules  were  thin,  with  moderate 
desquamation  of  the  capsular  epithelium.  In  the  capsules  were  found  finely 
granular  masses  of  albumin,  in  places  compressing  the  glomerulus.  The  epithe- 
lium of  the  convoluted  tubules  was  swollen,  and  many  cells  showed  imperfect 
staining  qualities.  The  lumen  of  the  tubules  contained  granular  masses  of 
albumin.  In  Henle's  loop  there  was  extensive  necrosis  of  cells,  many  of  which 
had  fallen  off  in  the  lumen.  The  collecting  tubules  showed  numerous  small 
homogeneous  casts  composed  apparently  of  masses  of  tubular  epithelium.  They 
stained  dark  with  hematoxylin  and  black  with  silver;  in  other  words,  they 
probably  contained  some  phosphate  of  lime,  a  condition  found  chiefly  in  cases  of 
poisoning  with  mercuric  chlorid. 

Case  4. — A.  S.  This  patient  was  not  engaged  in  cleaning  up  the  acid,  which 
had  been  completed,  but  as  night  watchman  had  to  pass  through  the  cellar 
every  hour.  During  the  day  following  his  night  work  he  complained  of  pain 
in  the  chest  and  abdomen.  When  examined  he  was  found  to  have  symptoms 
of  a  severe  bronchitis  with  very  rapid  and  irregular  heart.  He  complained  also 
of  dizziness  and  faintness  and  vomited  a  good  deal.  Twelve  days  after  the 
accident  he  was  seized  suddenly  with  a  cerebral  hemorrhage  and  died  three  days 
later.     Autopsy  showed  extensive  arteriosclerosis  with  an  area  of  red  softening 
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about  2   cm.  in   diameter  in   the   left  posterior   portion   of  the   internal   capsule. 
The   hemorrhage   was   encapsulated   but   had   broken   through   into   the   ventricle, 
which  was  filled  with  fluid  blood.     In  this  ease  the  influence  of  the  nitric  oxid 
fumes  was  probably  entirely  secondary,  as  the  lungs  Bhowed  no  lesions,  bul 
coughing  and  vomiting  may  have  induced  the  cerebral  hemorrhage. 

This  completes  the  Cologne  series.  The  following  reports,  while  in 
the  main  less  complete,  are  of  sufficient  importance  to  warrant  their 
inclusion : 

3E  5. — This  is  an  exceedingly  interesting  case  reported  under  the  title 
"bronchiolitis  fibrosa  obliterans/'8  The  patient  survived  the  inhalation  of  the 
nitrogen  tetroxid  for  nineteen  days,  so  that  the  description  shows  well  the 
nature  of  the  lesions  and  the  repair  which  takes  place  in  a  long  continued  case. 
From  the  microscopical  findings  given  it  i-  evident  that  the  regeneration  of 
the  alveolar  epithelium  was  nearly  complete,  though  the  cut  shows  some  alveoli 
-till  filled  with  large  cells;  but  in  any  case  the  desquamative  lesions  of  the 
lungs  were  less  striking  than  the  organization  and  closure  of  the  bronchi  and 
small   vessels  with   new-formed   tissue. 

The  patient  was  a  laborer,  25  years  old.  who  was  previously  healthy;  he 
inhaled  the  fumes  from  a  vessel  containing  nitric  and  sulphuric  acids  with  a 
piece  of  brass  casting.  (Such  a  combination  gives  nitrogen  tetroxid  vap< 
Immediately  afterward  lie  had  a  Bevere  attack  of  coughing  with  a  feeling  of 
oppression  on  the  chest  ami  a  good  deal  of  pain  in  this  region.  During  the 
course  of  the  night  following  he  was  seized  with  intense  dyspnea  and  en; 
the  hospital.     On  admission  it  was  noted  that  he  was  i  ryanotic;   tem- 

perature, 102;  pulse,  112;  respirations,  72;  blood-pressure,  105  mm.  There  was 
Blight  dulness  over  both  lungs  posteriorly  and  coarse  and  line  crepitant  rales 
all  over.  The  patient  complained  of  a  feeling  of  burning  behind  the  sternum. 
The  sputum  was  small  in  quantity,  reddish-brown  and  mucoid.  The  following 
day  the  temperature  was  normal  and  the  cyanosis  and  dyspnea  diminished. 
Respiration  went  down  t<>  til),  and  the  pulse  to  lfl.S.  The  rales  in  the  anterior 
portion  of  the  chest  diminished.  Two  days  after  the  accident  the  patient  coughed 
up    rust-colored    balls    of   sputum,    showing   very    few   diplococci.      From    the    third 

to  tie-  seventh  day  after  the  accident    the  temperature  rose  Blightly,  and  I 

subcutaneous   empl  the  anterior  thorax   between   the  Becond   and 

fifth  ribs.  Eight  days  after  the  accident  the  subcutaneous  emphysema  disap- 
peared  and  the  patient  was  in  fairly  good  condition  without  symptoms,  except 
a. -few  rah-s  in  the  cheat,  until  four  days  later  when  the  cyanosis  and  dysp 

irned.     'the  respirations   rose   to   60  and   tin'   pulse   to   [20.     The  condition 
n  it   so  serioue  a-  :>t  tin-  firsl  attack.     The  rales  returned  with  a  change  in 
note.     The  sputum  was  reddish-brown  and  mucoid.     'I  he  patient 
died  nineteen  days  after  the  accident. 

At  autopsy,  the  heart  showed  Blight  hypertrophy  of  the  right  Bide.  The 
lungs  were  very  much  dilated,  so  that  their  horder--  touched  each  other  at  the 
level  of  the  Becond  and  fourth  ribs.  A  few  fibrinous  adhesions  at  the  left  apes 
and  left  lower  lobe.  On  Hie  Biirfa f  the  lung  there  were  ;i  numtor  of  some- 
what depressed  bluish  spots  of  irregular  outline  which  contained  less  air  than 
tin.  rest  of  the  tissue,     On  section,  thi  edematous.     Scattered  throughout 

the   lung  al-o   were   -mall   alia-   of   hep;i  t  i/:i  t  ion.      In   addition   there   were   numei 

'-mall  nodule,  of  :(  transparent  gray  color  looking  a  good  deal  like  tubercles. 
The  small  vessels  contained  thrombi.  'Me-  right  lung  al-o  was  voluminous  and 
distended  with  air.  In  the  middle  lobe  there  was  an  area  of  hepatization  about 
•  .f  ;i  cherry.  On  the  surface  were  numerous  bluish-red  -pot'-,  on  the 
pleural  surface  of  which  were  small  fibrinous  coagula.     The  cut  Burface  showed 
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many  irregular  dark-red  areas,  and  besides  these,  small  grayish-white  nodules 
attached  to  the  smaller  bronchi.  There  was  an  emphysema  of  the  lung  with 
numerous  areas  2  to  3  mm.  in  diameter.  The  smaller  arteries  showed  thrombi 
adherent  to  the  walls.     The  other  organs  showed  nothing  but  congestion. 

Microscopical  examination  of  the  lung  showed  a  large  number  of  thrombosed 
small  arteries  and  the  hemorrhagic  and  edematous  areas  which  Fraenkel  was 
inclined  to  interpret  as  small  infarcts.  In  the  fine  terminal  bronchi  theie  was 
a  marked  epithelial  desquamation,  the  cells  often  filling  the  entire  lumen.  The 
larger  bronchi  also  showed  considerable  loss  of  epithelium.  In  the  finer  branches 
of  the  terminal  bronchi  there  was  a  growth  of  connective  tissue  reducing  the 
lumen  in  many  eases  to  a  small  slit,  covered  in  part  with  high  cylindrical 
epithelium  of  the  bronchial  type.  The  remainder  of  the  lung  showed  either 
emphysema,  edema  or  collapse.  In  the  denser  portions  the  alveolar  walls  were 
thickened  with  connective  tissue,  especially  near  the  bronchioles.  Some  of  the 
vascular  thrombi  had  undergone  complete  organization  with  the  formation  of  con- 
nective tissue.  There  was  no  report  of  any  bacteriological  examination  of  the 
lung  tissues. 

In  a  later  paper  Fraenkel9  reports  three  more  cases  of  so-called  bronchiolitis 
obliterans  fibrosa  acuta,  one  in  a  plasterer  who  inhaled  a  large  amount  of  lime 
and  other  dust,  and  the  second  in  a  man  working  in  a  drug  store.  The  history 
of  this  latter  case  was  very  imperfect  and  Fraenkel  says  that  it  was  not  possible 
to  exclude  the  inhalation  of  some  irritating  substance  as  the  cause  of  the  dis- 
ease. In  the  third  case  reported  no  history  was  obtainable,  and  the  diagnosis 
was  made  solely  on  the  clinical  symptoms  of  intense  dyspnea,  cyanosis  and 
emphysema.  Death  occurred  on  the  fourteenth  day.  Microscopical  examination 
of  the  tissues  showed  chiefly  obliteration  of  the  bronchi. 

.The  report  is  not  very  clear,  but  apparently  all  these  patients  lived  for 
at  least  two  weeks.  The  writer  also  observed  another  case  with  similar 
symptoms  due  to  the  inhalation  of  large  quantities  of  dust  from  chlorid 
of  lime.  He  says,  however,  that  the  disease  is  not  always  due  to  the 
inhalation  of  irritating  gases  or  powders,  and  that  measles  and  whooping- 
cough  occasionally  produce  in  children  a  very  similar  anatomical  picture. 
In  ordinary  lobar  pneumonia  such  a  closure  of  the  bronchi  by  the 
ingrowth  of  connective  tissue  does  not  occur  or  is  very  limited  in  extent, 
even  in  cases  in  which  resolution  is  prolonged  over  weeks. 

Case  6. — The  patient,30  23  years  old,  a  tinner  by  trade,  inhaled  the  fumes 
from  a  mixture  of  hydrochloric  and  nitric  acids.  He  had  a  slight  oppression 
in  the  chest  but  continued  at  work  for  nine  days  though  not  feeling  well.  On 
the  tenth  day  he  had  a  good  deal  of  dyspnea  and  entered  the  hospital.  When 
examined  he  showed  very  marked  cyanosis,  especially  of  the  face.  Thoracic  move- 
ments were  limited  during  respiration,  which  was  rapid  and  shallow.  The  pulse 
was  140,  very  soft  and  irregular.  Temperature  was  102.2  F.  There  was  dulness 
over  the  chest.  The  patient  appeared  moribund.  The  sputum  was  abundant, 
yellowish  and  lumpy.  There  were  physical  signs  of  emphysema  with  many 
moist  rales  over  the  lungs.  The  next  day  respiration  Avent  to  50,  the  temperature 
was  about  100.4  F. ;  the  cyanosis  and  dyspnea  increased,  and  the  patient  died 
twenty-six  days  after  the  exposure  to  the  fumes.  At  autopsy  the  lungs  did  not 
collapse  on  opening  the  thorax.  There  were  small  hemorrhages  in  the  pleural 
surfaces  of  the  lower  lobes.  On  section  the  lungs  were  densely  sprinkled  with 
small   eravish   nodules   1   to  2   mm.   in   diameter,  which   surrounded  the  smaller 
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bronchi.  The  mucous  membrane  of  the  larynx,  trachea  and  smaller  bronchi  was 
intensely  irritated,  and  in  many  places  had  disappeared.  Xo  other  lesions  were 
found  in  the  body. 

Microscopic  examination  showed  marked  inflammatory  lesions  of  the  trachea 
and  bronchi  with  congestion  and  edema.  In  the  lung  there  were  numerous  small 
-chronic  pneumonic  areas  with  the  formation  of  granulation  tissue.  The  alveoli 
at  the  periphery  of  the  pneumonic  areas  contained  a  cellular  exudate  chiefly  com- 
posed of  desquamated  alveolar  epithelium,  the  cells  being  of  large  size  and  often 
loaded  with  pigment.  Some  of  the  alveoli  also  contain  fibrin.  There  was  marked 
inflammation  of  the  septa  of  the  alveoli  with  edema,  fibrinous  exudate  and  leuko- 
cytes; the  vessels  were  greatly  distended.  Thrombi  were  not  noticed,  and 
bacteria  were  not  found  in  the  lung  sections. 

This  case  is  particularly  interesting  because  of  the  long  continuance 
of  the  disease,  showing  the  latter  stages  of  the  process,  death  usually 
occurring  much  earlier  in  the  course  of  the  intoxication. 

Case  7. — Paul11  reports  the  case  of  a  laborer,  32  years  of  age,  who  was 
ordered  to  clean  the  deposit  out  of  a  lead  chamber.  This  deposit  consisted 
chiefly  of  lead  sulphate  mixed  with  Borne  sulphuric  acid,  the  mixture  giving  off 
vapors  of  some  of  the  nitric  oxids.  Fir  this  reason  it  was  necessary  that 
the  workers  leave  the  chamber  every  few  minute-  as  the  stirring  up  of  the  mud, 
set  free  the  fumes.  The  chamber  had  been  cleaned  some  two  hundred  times  under 
tly  the  same  conditions  as  on  the  occasion  of  the  accident.  There  were  two 
other  workers  also  in  the  chamber  who  were  not  in  the  least  affected.  The 
patient  entered  the  chamber  three  times,  remaining  for  periods  of  ten  to  twelve 
minutes.  About  0  o'clock  he  went  home  without  complaining  in  the  slightest. 
Some   hours   afterward,   however,  I    with    dyspnea    and    very    severe 

coughing.  Be  attempted  to  go  to  work  the  next  morning,  but  collapsed  on  reach- 
ing the  factory.  The  patient  was  examined  by  ;i  physician  after  his  collap- 
the  factory  and  was  found  to  be  intensely  dyspneic  with  paroxysms  of  coughing. 
The  sputum  was  brownish-red  in  color,  having  previously  been  bright  yellow.  The 
lungs  showed  some  dulness  over  the  lower  lobes,  but  no  bronchial  breathing,  only 
line   rales  all  over.     The  pulse  was    li  ofl    and   small.     Temperature  was 

subnormal.    About  thirty  hours  after  the  exposure  be  had  a  -  are  with 

asional  delirium.    He  went  into  coma 
and  died  about  forty-sis  hours  after  exposure  to  tl  with  the  symptoms 

Of    pulllion:; 

-  Auto]  i  of  the  m  imbranes  and   Bubstance  of  the 

brain    with    ni  in    the    substance.     The    mucous 

nbrftne  of  the  pharynx.  I  nd   larynx  was  very  dark  red  and  covered 

with                  ucus.     The  !,'•:  very  dark:  the  organ  was  dilated  and, 

the    muscle    was    -oft.      The    pleura    of    ■  a    number    of   -mall 

."u:   1  em.  in  di  ction  a  large  amount  of  reddish, 

foamy  Quid   escaped   from   the  lung  whir',  |y   edematous,   with   the 

I    portions   showing  a   considerable  amount    of  emphysema.     Section   <>f 

•  ft   lung  Bhowed  the  same,  but  the  pleura  was  adherent  all  over' the  ih 

with  old  adbi  h  Bhowed  '    hemorrhagic  erosion  at    the 

ter  curvature.    There  was  no  lesion  except  inten  e  congestion  of  the  viscera. 

Xo  mi  reported. 

hmieden"  reported  1  ear-old   laborer   who   was 

•  ine  hour  follow  ing  t  he  breakii  boy 

of  nitric  arid  and  attem]  I  the  arid  by  the  u  dust. 

He  noticed  only  slight  dyspnea  after  finishing  the  work  and  on  his  return  I 


11.  Paul:  Wien.  klin.  Wchnsi  hr.,  1895,  viii,  I 

■    ■  tralbl.  f.  klin.   Med.,  1892.  xiii.  209. 


FRAXCIS     CARTER     1T00D  497 

some  cyanosis.  During  the  night  the  patient  was  unable  to  sleep  on  account 
of  increasing  dyspnea  and  very  severe  cough.  On  admission  to  the  hospital  he 
was  found  to  he  intensely  cyanotic;  respirations,  7S;  breathing  chiefly  abdominal 
with  marked  movements  of  the  alae  nasi  and  the  sternocleidomastoid  and  scalenus 
muscles.  Percussion  note  was  tympanitic.  Fine  rales  were  heard  all  over  the 
chest.  The  sputum  was  abundant,  thin,  rusty-brown  in  color  like  pneumonic 
sputum  after  edema  of  the  lungs  supervenes.  The  pulse  was  112  and  soft. 
Blood  taken  from  the  ear  was  brownish-black  in  color  and  on  dilution  in  water 
became  bright  red;  spectroscopically  there  was  nothing  abnormal.  The  patient 
died  in  coma  thirty  hours  after  the  inhalation  of  the  acid  fumes  with  symptoms 
of  edema  of  the  lungs. 

At  autopsy  the  lungs  were  extraordinarily  congested  and  infiltrated  through- 
out with  bloody  edematous  fluid.  The  mucous  membrane  of  the  bronchi  was 
congested.  The  vessels  of  the  lungs  were  distended  with  dark  red  and  black 
thrombi.  There  was  intense  congestion  of  the  pial  veins  and  the  arteries  at  the 
base  of  the  brain.  There  was  a  yellowish  slough  on  the  mucous  membrane  of 
the  stomach  near  the  cardia.     No  microscopical  examination  was  made. 

Case  9. — Kockel13  reported  the  case  of  an  apparently  healthy  male,  65  years 
old,  who  had  worked  for  about  one  hour  in  a  room  in  which  a  large  quantity 
of  nitric  acid  had  been  spilled.  Except  for  a  little  coughing  and  dryness  in  the 
throat  there  were  no  symptoms  until  six  hours  after  exposure,  when  he  was 
seized  with  very  severe  dyspnea,  coughing,  and  a  feeling  of  great  anxiety.  The 
symptoms  increased  rapidly  with  intense  cyanosis,  and  the  patient  died  two 
hours  later.  At  the  autopsy  there  was  congestion  of  the  meninges;  in  the 
posterior  portion  of  the  external  rim  of  the  right  lenticular  nucleus  there  wTas 
an  area  of  softening  the  size  of  a  hazel  nut,  apparently  an  old  lesion.  The 
heart  muscle  was  soft;  the  cavities  were  much  dilated  and  filled  with  dark  fluid 
blood.  The  left  lung  was  very  voluminous;  the  tissues  were  soft  and  tore  easily, 
and  on  cut  section  were  very  dark  grayish-red.  There  was  a  good  deal  of 
edema  and  very  little  air  in  the  alveoli.  The  right  lung  also  was  very  voluminous; 
the  upper  lobe  dark  grayish-red  and  very  much  congested  with  only  a  moderate 
amount  of  fluid  in  the  alveoli.  The  mucous  membrane  of  the  larynx,  trachea  and 
bronchi  was  bright  red  and  much  swollen.  No  microscopical  examination  was 
reported. 

In  addition  to  these  reports  of  fatal  cases  with  complete  autopsies, 
there  are  a  considerable  number  of  reports  of  fatal  cases  with  partial 
autopsies,  and  also  of  cases  of  mild  types  of  poisoning,  some  of  which  are 
of  sufficient  interest  to  reproduce  here. 

Orfila14  collected  two  cases.  In  the  first  case,  observed  by  Desgranges'3  the 
fumes  were  evolved  by  the  breaking  of  a  flask  of  nitric  acid,  exposure  lasting 
for  about  five  minutes.  The  patient  then  went  into  the  open  air  and  recovered  from 
the  sensation  of  choking.  He  was  very  thirsty  about  four  hours  later,  and  twelve 
hours  after  exposure  was  seized  with  coughing  and  prostration,  and  seventeen 
hours  after  the  accident  had  an  attack  of  intense  dyspnea  with  cyanosis,  pain 
in  the  abdomen,  convulsive  movements,  and  delirium,  and  died  about  twenty- 
seven  hours  after  the  inhalation  of  the  gas.     There  was  no  autopsy. 

In  the  second  case,16  a  healthy  man  of  22  years  inhaled  a  large  amount  of 
fumes  set  free  on  the  breaking  of  a  flask  of  nitric  acid.  Some  hours  afterward 
he  took  a  walk  in  order  to  relieve  a  sensation  of  oppression  in  the  chest.  About 
nine   hours   after   the   accident   intense   dyspnea   supervened.      Forty-eight   hours 


13.  Kockel:     Vrtljschr.  f.  gerichtl.  Med.,  1898,  xv,  1. 

14.  Orfila:     Toxicologic,  Trans,  by  Kiihn,  Leipsic  1839,  i,  124. 

15.  Desgranges:  Jour,  de  med.,  continue.  1S04,  viii,  487. 
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40S  ARCHIVES     OF     INTERNAL     MEDICINE 

after  the  -   inhaled  the  patient   died  with  typical   -  At  autopsy 

the  right  lung  was  found  to  fill  the  entire  half  of  the  thorax;  it  was  solid  and 
edematous,  most  of  the  fluid  appearing  to  be  dark  fluid  blood.  In  the  left  lung 
there   were   huge   amounts  of  fluid   but    some    of    the    parenchyma    was 

still  well  aerated.  The  mucous  membrane  of  the  trachea  and  bronchi  was  of  a 
blood-red  color.  There  were  superficial  ulcerations  in  the  cardia  and  pylorus. 
The  contents  of  the  stomach  were  bout.     The  other  organs  showed  no  elm: 

In  a  third  case.17  a  powerful  man,  34  years  oil.  was  (leaning  copper  with 
nitric  acid.  After  two  days,  during  which  time  he  had  inhaled  a  considerable 
amount  of  the  fumes  of  the  acid,  he  was  seized  with  headache,  cough  and 
oppre<>inn   in  the  chest.     Twenty-four  hours  later  on  examination   lie  was   found 

iave  intense  dyspnea,  protruding  eyes,  purple  lips,  and  frequent  cough,  with 
sticky,  yellow  sputum.  There  were  coarse  rales  over  tine  chest.  lie  died  twenty- 
four  hours  after  the  onset  of  the  symptoms.  At  autopsy  the  lungs  were  very 
voluminous,  crepitant  and  of  normal  color.  The  mucous  membrane  of  the  trachea 
and  bronchi  was  vivid  red  and  much  swollen.  The  bronchi  contained  much 
yellow  fluid  and  a  similar  fluid  could  he  expressed  from  the  lung  tissue  on  section. 

Manouvriez18  reported  several  cases,  the  exposure  occurring  when  a  warehouse 
containing  sodium  nitrate  and  other  substances  caught  fire.  One  of  the  workmen 
made  attempts  to  remove  the  sacks  and  was  exposed  for  a  few  minutes 

each  time  to  tin'  vapors  of  nitrogen  tetroxid.  After  the  third  attempt  he  collapsed 
and  was  taken  to  his  home,  lie  complained  of  thirst  and  intense  dyspnea  with 
intense  pain  in  the  chest,  and  died  about  four  hours  after  the  exposure.  His 
assistant  died  with  the  Bame  symptoms  about  eight  hours  after  the  exposure. 
Another  exposed  person  suffered  from  violent  vomiting  and  diarrhea,  but  was  ill 
for  only  two  days. 

Autopsies  on  the  first  two  eases  showed  that  the  blood   was  black   and  acid 
to  litmus  paper,  the  latter  Beeming  a   rather  remarkable  condition  in  the  light  of 
our  present  knowledge  of  the  great  acid-neutralizing  capacity  of  the  blood  and  the 
fact  that   a  change  in  reaction  was  not    noted  in  any  of  the  animal  experim 
which    follow.     There   was    i  ion   of   the   bronchi    and   lungs  which 

.    distended  with  blood  and  contained  Beveral  hemorrhage.     Hyperemia 

of  the  mucous  membrane  of  the  stomach  was  not.',],  with  congestion  of  the  other 

lis.  ' 

Krmne"  reported  briefly  eleven  cases  of  intoxication  due  to  the  inhalation  for 
only  two  or  three  minutes  oi  fumes  arising  during  a  lire  in  a  building  in  which 
a  large  number  of  carboys  of  nitric  acid  were  Btored.     In  some  of  the  cases  no 

inm-  appeared   until   -i\   or  eighl    hours  afterward:    the   patients   having  stood 

about   watching  the  fire,  smoking  their   pipes,  etc.,  and   finally  going  hom< 
ll(.,l  and  i'  They  were  wakened  by  intense  dyspnea.    Some  of  the  patients 

VOmitod,  and  Bhowed  great   cyanosis,  nerVOUS  symptoms,  and   rapid  and   fatal  heart 

action.     'I  here   were   two   fatal   cases,   bul    these   were   no!    observed   by    Kttnne. 

:i   of   the   patients   ran   a    mild  course  and    were  discharged   nine  days   after   the 

exposure  ;i-  cured.     Four  other-  were  much  more  Bcriously  affected  and  were  not 
•  ,,  return  to  work  for  two  weeks  after  the  exposure    The  only  exceptional 

point  wa-  that  thr (  the  patients  Bhowed  albumin  in  the  urine.     All  tin'  others 

the  usual  symptoms  previously  described. 

Pearse"  reported  the  cage  of  a  man.  35  years  oi  age,  who  inhaled  the  fumes 
,,f  nit! n  tetroxid  on  the  breaking  oi  :i  carboj  oi  nitric  acid.    Six  hours  after 

the  inhalation  the  patient  had  pains  in  the  <<h>  -t  and  difficulty  in  BWal lowing  and 
talking.       Eighl    and    a    half   hours   after    inhaling    the    fumes   he   had    an    attai 


17.  Bucquet:     Details  are  given  bj  Chevallier  and  de  I  n.  d'hyg..  1  ^  1 7. 

3    ■ 
I-.   Manouvriez:     Bull,  de  l'acad.  de  m<  7,  xxxvii,  p   SOU 

19,  Ktlnne:      Deutsch.  med.   Wchnschr.,    1897,  scxiii,    tit. 
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severe  dyspnea ;  respirations,  40 ;  high  pitched  respiratory  murmurs  over  bronchi 
and  right  lung.  The  left  lung  was  not  involved.  Bloody  mucus  was  expectorated. 
Twenty-four  hours  after  the  accident  signs  of  consolidation  developed  in  the  rio-ht 
lung  with  edema  and  cyanosis  of  the  lips.  The  patient  became  delirious  and 
died  twenty-nine  hours  after  inhaling  the  fumes,  of  edema  of  the  lungs. 

Wood  and  Stephen21  reported  the  case  of  a  chemist  who  broke  a  bottle  con- 
taining about  three  liters  of  nitric  acid,  and  spent  about  half  an  hour  in  cleaning 
up  the  fluid  by  means  of  sawdust  and  cloth;  he  was  not  inconvenienced  by  the 
fumes.  Eight  and  a  half  hours  after  the  accident  he  began  to  suffer  from  intense 
dyspnea  and  expectorated  large  quantities  of  straw-colored  fluid,  nearly  a  liter 
in  amount.  Respirations,  62;  marked  cyanosis  and  very  violent  cough  on  the 
first  day;  cough  less  on  the  second  day;  none  after  the  third  day.  Recovery  was 
slow,  the  patient  remaining  in  bed  for  ten  days. 

Harrington22  reported  nine  cases  of  poisoning  by  nitrogen  tetroxid  fumes 
following  the  breaking  of  a  carboy  containing  nitric  acid.  None  of  the  patients 
felt  any  bad  effects  until  five  to  eight  hours  after  the  exposure,  when  they  developed 
dyspnea,  rapid  respiration,  cough,  and  in  some  cases  delirium.  There  were  no 
fatalities. 

Lange23  reported  two  cases  of  an  organizing  bronchitis  which  do  not  correspond 
either  in  the  clinical  history  or  in  the  general  autopsy  findings  with  the  type 
of  disease  due  to  inhalation  of  irritating  gases  and  are  here  quoted  merely 
because  they  are  frequently  referred  to  in  the  literature  of  the  subject.  In  the 
first  case  there  was  a  history  of  cough  for  eight  days,  chills  and  headache,  the 
patient  entering  a  hospital  and  dying  on  the  ninth  day  of  the  disease  with  a 
pneumonia,  showing  subpleural  hemorrhages  and  numerous  gray  miliary  nodules 
throughout  the  lung  tissue,  which  proved  to  be  fine  terminal  bronchi.  Each  small 
nodule  was  surrounded  by  about  1  mm.  of  dark  colored  lung  tissue.  The  alveoli 
lying  between  these  nodules  showed  no  exudation.  In  the  second  case,  the  pationt, 
32  years  old,  had  been  sick  for  six  months  with  cough  and  dyspnea.  For  four 
weeks  before  death  he  had  great  discomfort  so  that  he  was  not  able  to  work. 
Autopsy  showed  voluminous  lungs,  hemorrhagic  spots  in  the  pleura,  and  on  the 
cut  surface  large  numbers  of  small  nodules  which  looked  like  miliary  tubercles. 
These  grayish  nodules  were  surrounded  by  a  narrow  ring  of  reddish  tissue.  The 
lung  between  these  areas  was  quite  normal.     The  vessels  showed  no  thrombi. 

Pott24  reported  an  instance  in  which  nitrogen  tetroxid  fumes  were  formed  by 
the  action  of  acid  phosphate  on  sodium  nitrate,  the  mixture  being  a  prepa- 
ration used  as  a  fertilizer.  About  thirty  persons  were  exposed  to  the  vapors, 
of  whom  two  died,  one  in  twelve  hours  and  one  in  forty  hours.  There  was  no 
autopsy  in  either  case.  The  symptoms  were  typical  as  described  above.  Eight 
persons  were  confined  to  bed  for  a  number  of  days  with  very  severe  dypsnea 
and  cough,  the  sputum  being  thick  and  yellow  and  containing  blood  and  alveolar 
epithelium.  In  the  most  serious  case  the  patient  was  confined  to  bed  for  eight 
days,  but  recovery  was  complete. 

Hall  and  Cooper25  reported  a  case  in  which  a  carboy  of  nitric  acid  was 
accidentally  broken  and  the  acid  spread  over  the  floor,  attacking  some  zinc  plates 
and  sawdust  and  starting  a  fire.  Twenty  people  were  seriously  affected,  four 
of  whom  died,  two  on  the  second  day  and  two  several  weeks  later.  Dyspnea 
was  present  in  100  per  cent,  of  the  cases,  cough  in  93  per  cent.,  vomiting  in  53 
per  cent.  Cough  with  bloody  expectoration  persisted  in  27  per  cent.  The 
patients  who  recovered  were  found  to  be  more  susceptible  to  cold  than  before. 
Two  cases  were  autopsied.  The  records  are  very  incomplete;  it  is  stated  that 
in  one  the  lungs  were  large  and  voluminous  and  the  bronchi  filled  with  bloody 


21.  Wood  and  Stephen:     Australasian  Med.  Gaz.,  1909,  xxviii,  25. 

22.  Harrington:     Wisconsin  Med.  Jour.,  1903,  i,  177. 

23.  Lange:   Deutsch.  Arch.  f.  klin.  Med.,  1901,  lxx,  342. 

24.  Pott:     Deutsch.  med.  Wchnschr.,  1884,  x,  451. 

25.  Hall  and  Cooper:     Jour.  Am.  Med.  Assn.,  1905,  xlv,  396. 
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fluid.    There  was  much  edema  of  the  lung  ti--ue  and  a  thickening  of  the  bronchia] 
mucosa.     The   second  case   in  which  death   occurred   one   month   after   expos 
showed   bronchopneumonia    with   consolidation   of   the   lung,   and   microscopically 
the  alveoli  wore  filled  with  cells  and  beginning  fibros 

Bauer"   reported   a   case   of   an   anilin   factory   worker   who   inhaled   nit 
tetroxid.     After  a  short  time  lie  had  dyspnea  an  and  he  died  in  two  days 

'with  pulmonary  edema.     An  aut<  ronchitis,  lobular  pneumonia 

ami  c  ■ma,  with  thrombi  in  the  pulmonary 

ANIMAL    EXPERIMEB 

In  order  to  study  further  the  lesions  seen  in  the  reported  ease,  a 
of  experiments  were  carried  out  on  dogs. 

Among  those  who  had  made  previous  studies  of  acid  poisoning  on 
animals  may  be  mentioned  Lesser,27  who  exposed  rabbits  and  dogs  to  the 
vapors  given  off  on  warming  nitric  acid.  He  showed  that  only  occasion- 
ally bronchitis,  bronchopneumonia,  or  edema  of  the  lungs  supervened. 
Even  after  exposing  dogs  for  weeks  to  acid  vapors  he  was  not  able  to 
find  any  microscopical  changes  in  the  lungs^  The  reason  for  this  is  thai 
the  aeid  volatilizes  unchanged  and  condenses  in  the  nasal  passages,  and 
while  it  may  corrode  the  tissues  there  does  nol  penetrate  further.  Prac- 
tically no  nitrogen  tetroxid  is  given  off  from  ordinary  nitric  acid  on 
warming. 

Kockel,  Bauer,2G  ('.'reliant  and  Quinquaud,28  and  Eulenberg28  carried 
out  animal  experiments  with  nitrogen  tetroxid.  Those  of  (Jivhant  and 
Quinquaud  and  Eulenberg  are  nol  important  here  because  the  animals 
either  died  within  a  few  minutes  or  recovered  from  the  inhalation,  and 
no  microscopical  examinal  ions  were  ma 

Kockel's  animal  experiments  gave  the  following  results:18  The  blood 
of  the  animals  dying  in  an  atmosphere  of  nitrogen  tetroxid  fumes  had  a 
chocolate-brown  color,  bul  when  the  animals  had  a  chance  to  breathe 
fresh  air  for  a  few  minutes  after  inhalation  of  the  gas,  the  blood  was 

merely    dark    in    color    and    not    otherwise    abnormal.      'I  he    lungs    were 

usually  markedly  emphysematous;  the  color  was  almost   always  bright 

red;  and  on  section  there  were  usually  reddish  areas  and  much  edema. 

msive  hepatization  was  noted  only  in  the  animals  killed  four  or  five* 

ter  the  exposure  to  the  fumes.     The  mucous  membrane  of  the 

piratory    |  ted   and   edematous.     The   spleen   and 

kidi  gross  lesions.    The  Liver  was  occasionally,  intensely 

congested,     fn   some  animals  swelling,  edema  and   ulceration  of  the 

ous  membrane  of  the  stomach  and  intestine  was  observed.     Micro- 

lically,  the  chief  lesion   in  the  in  intense  hyperemia   with 
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hyaline  thrombi  in  the  capillaries,  a  condition  also  observed  by  Bauer. 
Thrombi  also  were  found  in  the  larger  vessels  leading  to  the  lungs  in 
some  cases.  An  extensive  edema  of  the  lung  tissue  involving  the  peri- 
vascular and  peribronchial  connective  tissue  and  also  the  alveolar  walls 
was  quite  common.  Over  areas  of  moderate  extent  in  the  lungs  the 
alveoli  contained  serous  or  fibrinous  exudate.  In  the  animals  which 
survived  for  a  number  of  days  there  was  almost  always  a  bronchopneu- 
monia, the  alveoli  being  filled  with  red  and  white  cells  and  desquamated 
epithelium.  Four  or  five  days  after  the  inhalation  a  considerable  pneu- 
monic infiltration  was  usually  present,  the  alveoli  being  filled  with 
desquamated  epithelium,  which  not  infrequently  fused  to  syncytial-like 
masses.  The  parts  of  the  lungs  free  from  edema  and  exudate  were 
emphysematous.  Plugs  of  epithelium  and  leukocytes  cemented  with 
mucus  often  filled  the  smaller  bronchi.  Multiple  focal  necroses  were 
occasionally  present  in  the  liver. 

Spectroscopical  examination  of  the  blood  showed  that  the  chocolate- 
brown  color  observed  in  the  animals  dying  in  an  atmosphere  of  nitrogen 
tetroxid  fumes  was  due  to  the  formation  of  hematin.  This  substance  was 
also  observed  by  Robert  in  the  urine  of  a  patient,  but  is  not  as  a  rule 
demonstrable  in  those  patients  who  have  survived  exposure  to  the  gases. 
Probably  only  very  small  amounts  of  this  substance  are  formed  in  the 
blood.    No  morphological  changes  in  the  circulating  blood  were  noted. 

The  necroses  occasionally  observed  in  the  mucous  membrane  of  the 
stomach  and  intestine  were  undoubtedly  due  to  the  fact  that  some  of  the 
fumes  had  dissolved  in  the  saliva  and  been  swallowed,  causing  erosions. 
The  results  of  the  animal  experiments,  therefore,  correspond  quite  closely 
with  the  lesions  found  in  human  beings. 

My  own  experiments  confirm  and  extend  Kockel's  results.  A  few 
characteristic  protocols  are  appended.  Dogs  were  selected  for  the  experi- 
ments because  of  the  ease  with  which  pneumonia  is  induced  in  these 
animals  and  because  the  lungs  are  voluminous  enough  to  permit  of 
considerable  topographical  variation  in  the  pneumonic  areas. 

Dog  1. — Large,  powerful  animal  weighing  about  15  kilos;  was  anesthetized 
with  ether  and  allowed  to  fill  his  lungs  four  times  with  fumes  of  nitrogen 
tetroxid  mixed  with  about  an  equal  volume  of  air.  The  animal  revived  from 
the  ether  and  seemed  pretty  well  for  some  hours,  but  on  the  following  morning 
was  suffering  from  severe  dyspnea  both  inspiratory  and  expiratory.  He 
remained  quietly  in  his  cage  and  refused  to  eat.  He  coughed  a  good  deal, 
and  forty-eight  hours  later  was  killed.  The  lungs  showed  an  acute  bronchitis 
with  edema,  desquamation  of  the  bronchial  epithelium,  and  a  small  amount  of 
lobular  pneumonia,  the  alveoli  containing  large  cells,  many  of  them  pigmented, 
and  a  good  deal  of  fibrin  and  a  few  leukocytes.  The  remainder  of  the  lung  was 
deeply  congested  and  showed  a  good  deal  of  edema  with  a  marked  emphysema 
especially  in  the  anterior  portions.  The  other  organs  showed  no  lesions.  Cultures 
from  the  lungs  were  sterile.  The  condition  corresponds  to  that  noted  in  persons 
dying  soon  after  inhaling  the  gas. 
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Dog  3. — Terrier,  weighing  about  10  kilos,  was  lightly  chloroformed  and 
allowed  to  fill  his  lungs  about  twelve  times  with  a  mixture  of  equal  volumes 
of  air  and  nitrogen  tetroxid.  The  animal  died  about  ten  minutes  later  and  on 
removal  the  lungs  were  found  to  be  almost  solid  with  edematous  bloody  fluid. 
Microscopically  the  alveoli  were  filled  with  a  serous  edema  containing  many  red 
cells.  No  lesions  were  present  in  the  other  organs.  A  similar  condition  has 
been  noted  in  some  of  the  rapidly  fatal   human 

Dog  4. — Terrier,  weighing  about  9  kilos,  was  lightly  chloroformed  and  allowed 
to  fill  his  lungs  three  times  with  a  dilute  mixture  of  air  and  nitrogen  tetroxid. 
It  soon  recovered  but  refused  to  eat.  had  a  good  deal  of  difficulty  in  breathing, 
with  coarse  rales  over  the  chest,  and  co  *ood  deal,  raising  yellowish  frothy 

mucoid  sputum.  The  animal  was  killed  after  five  days.  The  lungs  showed  extreme 
emphysema  with  a  scattered  lobular  pneumonia  (Fig.  2)  most  marked  in  depend- 
ent portions.  The  bronchi  were  c<  and  filled  with  mucus.  There  were  no 
other  macroscopic  lesions.  Micioseopically  the  lungs  showed  extensive  lesions; 
the  other  organs  were  normal  except  lor  a  few  focal  necroses  in  the  liver.  The 
bronchial  mucosa  w<  ely  edematous  and  congested,  but  the  epithelium  was 
still  intact  (Fig.  10),  the  cilia  even  being  present  in  a  lew  anas.  The  epithelium 
of  the  terminal  bronchi  was  swollen  ami  desquamated  (Fig.  11),  as  was  that 
of  the  alveoli  (Fig.  12).  The  alveolar  walls  were  thickened  and  edematous, 
and  the  capillaries  congested.  Emphysematous  areas  alternated  with  patches 
of  pneumonia  (Fig.  2).  There  were  plugs  of  epithelium  in  the  terminal  broncfii 
(Fig.  13),  some  of  them  composed  wholly  of  cells,  others  of  cells  covering  a 
growth  of  fibrous  tissue.  This  is  the  lesion  described  by  Fraenkel  as  "bronchio- 
litis fibrosa  obliterans."  Similar  plugs  filled  some  of  the  alveoli  (Fig.  14), 
others  contained  solid  masses  of  desquamated  cells,  others  were  filled  with  blood, 
fibrin  and  coagulated  serum;  still  other-  were  lined  with  unregenerating  epithe- 
lium. Mitotic  figures  were  rare,  though  present.  A  number  of  the  smaller  %■-■ 
sels  showed  thrombi  in  various  stages  of  organization  (Fig  15.).  The  lesions  in 
the  lungs  were  very  irregularly  distributed  and  corresponded  very  closely  in  all 
details  with  those  of  the  case  of  D,  here  reported,  except  perhaps  in  the  extent 
of  the  emphysema,  this  lesion  being  less  marked  in  the  dog  than  in  the  human 
material,  while  the  bronchiectasis  v.  as  more  extensive  in  the  animal. 

Dog  5. — Irish  terrier,  weighing  7  kilos,  was  etherized  and  given  ten  breaths 
of  very  dilute  nitrogen  tetroxid.  Nineteen  days  later  the  dog  still  had  a  cough 
l.nt  otherwise  seemed  well.  It  was  then  given  four  deep  breaths  of  dilute  nitrogen 
tetroxid,  and  eighteen  day-  later  three  inhalation-  of  the  same.  Six  weeks  later 
it  was   killed.     The  lun  d   normal   in   the  gross,  and   microscopically  it 

could  not  he  determined  that  then-  were  any  changes;  possibly  the  lungs  were 
slightly  more  emphysematous  than  those  of  a  normal  dog,  hut  repair  was  extra- 
ordinarily complete. 

Dog  ii. —  Fox  terrier,  weighing  about  9.5  kilos,  was  given,  under  ether  anes- 
thesia, six  breaths  of  dilute  nitrogen  tetroxid  and  air  mixture.  The  following 
day  the  dog  was  very  quiet,  did  not  seem  to  suffer  very  much  pain,  hut  coughed 

Od    deal    and    Bhowed    intense   dyspnea.      The   BeCOnd    day    after   he   coughed    up 
thin,    foamy    sputum,   did    not    cat.    and    vomited    small    quantities    of    mucUS;     for 

-ix  days  he  coughed  continuously  and  was  then  killed.     On  opening  the  thorax 
the  lungs  were  found  to  he  covered  with  a  thin  layer  of  fresh  fibrin  which  was 
cially  abundant  over  patchy  ana-  of  .'■  ition.    These  congested  areas 

were  scattered  irregularly  throughout,  and  were  especially  abundant  near  the 
thin  edges  of  the  lobes;   they  were  quite  firm   to  pressure.     The  remainder  of 

the  lung  was  Well  aerated.     'I  he  bronchi   were  filled   with  thick   mucus;    the  mucus 

membrane  wa  ted.     'I  he  bronchial   lymph-nodes  w<  enlarged.     The 

kidneys  and  ol  ins  appeared  normal.     'I  lie  train  showed  ie>  hemorrhe 

nor  Boftening.  Microscopically  the  Iuul's  Bhowed  irregular  areas  of  lobular  pneu- 
monia with  fibrin,  a  few  leukocytes,  and  many  desquamated  alveolar  epithelial 
ceil-.    There  was  considerable  fusion  of  the  alveoli  t<»  form  hue,.  open   spaces. 
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The  alveolar  walls  were  much  thickened  and  congested.  There  was  beginning 
repair  of  the  epithelium  in  some  of  the  alveoli.  The  kidneys  and  liver  showed 
no  microscopical  changes.    Cultures  from  the  lung  were  sterile. 

Dog  7. — Short-haired,  female  terrier,  weighing  9.4  kilos,  while  under  mor- 
phin  was  given  three  deep  breaths  of  the  concentrated  gas.  The  animal  was 
very  dyspneic  for  a  few  minutes  and  then  became  active  and  apparently  suffered 
no  discomfort.  Six  days  afterward  it  was  coughing  a  good  deal.  One  month 
later  it  was  apparently  entirely  well  and  healthy,  and  was  then  put  under  the 
influence  of  morphin  and  given  two  exposures  to  nitrogen  tetroxid  fumes,  about 
two  hours  apart.  The  day  following  the  animal  appeared  very  sick  and  refused 
to  eat  or  drink.  Rales  in  throat  and  difficult  breathing.  Two  days  later  it 
was  still  coughing  up  a  white  mucous  sputum.  The  animal  was  very  quiet  and 
refused  lo  eat.  Five  days  later  it  was  killed.  The  lungs  were  very  voluminous. 
There  were  firm  sunken  areas  along  the  borders  of  the  posterior  portions  of  the 
lobes.  These  areas  were  of  a  grayish  color.  The  bronchi  protruded  from  the 
surface  of  the  cut  lung  and  contained  a  mucopurulent  fluid.  The  solid  lung 
tissue  was  greenish-gray  in  color.  The  bronchi  in  some  portions  of  the  lung 
were  very  much  dilated.  The  microscopic  changes  in  the  lungs  were  about  the 
same  as  in  Dog  4,  but  there  was  much  more  emphysema  and  the  bronchi  were 
more  extensively  altered  and  dilated.  The  second  exposure  evidently  extended 
these  changes  in  an  already  diseased  lung. 

Dog  13. — Short-haired  terrier,  weighing  8.5  kilos.  Under  morphin  the  animal 
was  given  several  deep  breaths  of  well  diluted  nitrogen  tetroxid.  It  recovered  and 
at  the  end  of  a  month  was  apparently  well,  but  finally  began  to  cough  and  lose 
weight,  and  was  killed  five  weeks  after  exposure.  During  the  last  few  days  the 
animal  coughed  a  good  deal.  At  autopsy  a  lobular  bronchopneumonia  was  found 
together  with  the  usual  emphysema.  An  atypical  pneumococcus  was  isolated 
from  the  pneumonic  areas,  and  the  lesion,  when  examined  microscopically,  was 
found  to  be  quite  different  from  that  seen  in  the  other  dogs,  corresponding  to 
that  found  after  bacterial  infections.  The  alveoli  were  filled  with  a  richly 
leukocytic  exudate,  and  bacteria  could  be  demonstrated  by  appropriate  stains. 
The  lesion  was  evidently  a  spontaneous  bacterial  pneumonia  developing  in  a  lung 
weakened  by  the  action  of  the  nitrogen  tetroxid  fumes.  Such  a  pneumonia  is 
not  infrequent  in  animals  on  whom  severe  operations  have  been  performed. 

PROPHYLAXIS 

The  chief  danger  of  nitrogen  tetroxid  lies  in  the  fact  that  a  1  per 
cent,  mixture  of  the  gas  with  air  can  be  inhaled  without  inducing 
coughing  or  spasm  of  the  larynx,  so  that  the  bronchial  and  pulmonary- 
epithelium  is  seriously  damaged  before  severe  symptoms  supervene. 
This  is  quite  impossible  with  chlorin,  sulphur  dioxid,  or  ammonia,  which 
cannot  be  inhaled  even  in  a  mixture  much  diluted  with  air  without 
causing  a  spasm  of  the  glottis  and  suffocation. 

As  the  gas  is  generated  by  contact  of  nitric  acid  with  any  organic 
matter,  the  straw  packing  and  wooden  cases  in  which  the  acid  carboys 
are  inclosed  usually  start  the  reaction,  the  heat  evolved  often  being 
sufficient  to  set  the  woodwork  on  fire,  thus  increasing  the  difficulty 
of  handling  the  situation.  Nitric  acid  should,  therefore,  be  stored 
in  an  amply  ventilated  separate  building  with  stone  or  concrete  floor, 
if  possible,  and  arrangements  should  be  made  so  that  the  room  can 
be  promptly  flooded  with  water.    The  handling  of  the  carboys  should  be 
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placed  in  the  hands  of  a  few  skilled  workmen  who  have  been  instructed 
as  to  the  dangers  of  inhaling  the  fumes  arising  when  the  acid  is  spilled. 
S  Ld  is  the  best  material  for  absorbing  any  acid  which  may  be  upset.  If 
it  is  necessary  for  the  workmen  to  enter  a  room  in  which  the  acid  has 
been  spilled,  their  mouths  and  noses  should  be  covered  with  cloth 
moistened  with  very  dilute  ammonia. 

TBEATMENT 

There  is  no  satisfactory  treatment  after  the  gas  has  been  inhaled. 
Breathing  ammonia  vapor  has  been  suggested,  but  this  only  addf 
second  corrosive  gas  to  that   already  present   in  the   lungs.      Oxygen 
inhalations  aid   in  combating  the  i,  but  do  not  touch  the  ca 

of  this  symptom,  which  is  chiefly  due  to  the  edema  of  the  walls  of  the 
bronchi.  Morphin  and  stimulants  should  be  given  according  to  the 
symptoms. 

CONCLUSIONS 

1.  The  inhalation  of  even  small  quantities  of  nitrogen  tetroxid  give's 
rise  to  an  exceedingly  dangerous  pulmonary  condition  with  a  charac- 
teristic lung  lesion  both  in  man  and  in  animals. 

2.  As  there  is  no  satisfactory  treatment  of  the  condition  it  is  of  the 
utmost  importance  that  careful  instruction  be  given  to  all  factory 
laborers  or  laboratory  workers  who  have  to  handle  concentrated  nitric 
acid  as  to  the  dangers  incurred  and  the  means  of  avoiding  them. 

l!l!:i  tOGB  '  en  Y 

An  excellent  description  <>f  the  aymptoma  in  poisoning  by  nitrogen  tetroxid 
with  a  f;tir  bibliography  i-  to  be  found  in   Kunkel:    Bandbucb  der  Toxikoli 
Jena,  1901,  p.  282.     Potl    (loe.  <'it..  note  24)  gives  references  in  the  older  c 
Robert:    Lehrbuch    d.    [ntoxikation,    1906,   also   gives   :i   considerable   number   of 
references  t<>  the  literature,  not  without   the  usual   inaccuracies,     rlockel    (loc. 
cit..  note  13)   refers  i"  ;i  number  of  recent  cases,  and  Schuberl    (loc.  cit.,  note 
has  ;i   fair  bibliography  and  gives  important    suggestions  for  prophylaxis.      The 
tained  in  Witthue  and  Becker:  Medical  Jurisprudence  and 
Toxi  il.  iv,  :;nl .  New  ,i  ork. 


OEGAXIC  IODIN  PEEPAEATIONS,  THEIE  PHAEMACOLOGY 
AND  THEEAPEUTIC   VALUE* 
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PORTLAND,   OEE. 

The  introduction  within  recent  years  of  numerous  organic  iodin  com- 
pounds as  substitutes  for  the  iodids,  the  extravagant  claims  made  for 
some  of  them  by  the  manufacturers,  both  as  regards  therapeutic  efficiency 
and  absence  of  toxic  side  actions,  and  the  scarcity  of  literature  on  the 
subject  in  American  periodicals  seem  to  demand  a  review  of  the  entire 
subject  of  the  value  of  these  substances  as  therapeutic  agents.  Most  of 
these  compounds  have  originated  from  German  manufacturers,  and  nearly 
all  of  the  investigations  regarding  them  have  been  published  in  that 
country.  These  substances,  however,  are  being  rapidly  introduced  into 
the  American  market,  and  at  the  suggestion  of  the  Council  on  Pharmacy 
and  Chemistry  of  the  American  Medical  Association,  I  have  undertaken 
an  investigation  of  the  pharmacological  basis  for  the  use  of  such  com- 
pounds as  substitutes  for  the  iodids.  The  present  paper  deals  chiefly  with 
the  literature  on  the  subject. 

I. — CLASSIFICATION    AND   CHEMICAL    NATURE 

Most  of  the  organic  iodin  preparations  introduced  up  to  the  present 
time  as  substitutes  for  inorganic  iodids  are  addition  products  of  iodin 
with  either  proteins  or  unsaturated  fatty  acids  or  fats.  Other  organic 
combinations  of  iodin  have  usually  so  great  an  action  due  to  the 
remainder  of  the  molecule  that  the  iodin  action  is  obscured,  and  they  are 
as  a  rule  not  suitable  for  administration  as  substitutes  for  the  iodids. 

A.  Iodized  Albumins  or  Proteins. — The  first  iodized  albumins  were 
prepared  by  Boehm  and  Berg.1  The  resulting  product  could  be  easily 
deprived  of  its  iodin  by  washing  with  water,  or  by  dialysis,  so  that  the 
combination  between  the  iodin  and  the  albumin  was  not  firm,  and  they 
considered  that  the  iodin  was  mechanically  held.  Liebrecht  and  Eoeh- 
mann2  iodized  casein  by  warming  it  with  iodin.  The  resultant  compound 
contained  no  free  iodin,  but  gave  off  iodin  on  washing  with  water  and 
alkalies.  Their  "Periodcasein"  held  17.8  per  cent,  of  iodin,  but  after 
washing  it  left  "Iodcasein"  with  5.7  per  cent.  Both  compounds  split  off 
sulphur  and  phosphorus  easily.    Hofmeister3  prepared  iodo-albumin  from 

*From  the  laboratory  of  biochemistry  and  pharmacology,  University  of  Chicago. 
♦Submitted  for  publication  Sept.  17,  1912. 

'Investigation  supported  by  a  grant  from  the  Committee  on  Therapeutic  Re- 
search, Council  on   Pharmacy  and  Chemistry,  American  Medical  Association. 

1.  Boehm  and  Berg:  Arch.  f.  exper.  path.,  1876,  v,  329. 

2.  Liebrecht  and  Roehmann:  Arch.  f.  exper.  Path.,  1894.  xxx,  1824. 

3.  Hofmeister:   Ztschr.  f.  physiol.  Chem.,  1897,  xxiv,  150. 
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crystallized  egg  albumin.  Many  other  iodized  proteins  are  now  on  the 
market,  and  several  of  them  are  described  below.  Most  of  these  prepara- 
tions no  longer  give  the  Millon  reaction,  and  on  this  account  it  has  been 
considered  that  the  tyrosin  group  in  the  protein  molecule  has  taken  up 
the  iodin.  To  bear  this  out,  a  tyrosin-iodin  compound  (3-5  diodotyrosin, 
an  iodin  complex  found  in  sponges4  and  other  places  in  nature)  has  been 
separated  from  a  number  of  the  iodized  proteins  by  hydrolysis  {vide 
infra).  Undoubtedly,  however,  as  shown  by  Oswald3  and  by  Pauly,8  other 
groups  in  the  protein  molecule  are  also  involved  in  the  combination,  and 
according  to  their  work  it  is  probable  that  both  histidin  and  phenylalanin 
may  take  up  iodin  when  a  protein  is  iodized.  It  has  been  shown  that 
many  of  the  commercial  preparations  of  iodized  proteins  consist  of  a 
mixture  of  a  true  compound  of  iodin  with  the  protein  molecule,  of  inor- 
ganic iodid,  possibly  loosely  combined,  and  in  some  cases,  of  free  iodin. 
The  nature  of  the  commercial  preparations  of  iodized  proteins  so  far 
lied  may  be  here  briefly  summarized.  Many  of  these  preparations  art 
not  yet  on  the  American  mark> 

COlOfEBCIAI    PREPARATIONS 

Iodalbacid  (Fabrikanten  Herrn  Gans  in  Frankfurt)  is  a  commercial 
iodized  albumin,  said  to  be  obtained  by  electrolyzing  an  iodid  solution  in 
which  the  anode  is  surrounded  by  a  protein.  It  is  said  to  contain  10 
per  cent,  of  iodin.  Oswald7  hydrolyzed  this  compound  and  obtained  0.4 
gram  of  diiodotyrosin  from  100  grams  original  substance.  Taege8  also 
examined  this  substance  and  found  it  to  contain  only  5.5  to  5.6 
of  iodin.  He  found  it  free  of  inorganic  iodin.  and  found  no  io<Jin  split 
off  on  shaking  with  water,  and  concluded  that  all  the  iodin  is  hound  in 
molecule.  When  giveu  by  mouth  lie  found  that  66  per  cent,  of  the 
iodin  was  excreted  in  the  urine  within  eighty  hours,  60  per  cent,  in 
nic  combination  and  6  per  cent,  in  Inorganic  form. 

Iodized  egg  white  is  manufactured  in  three  forms   (('hem.  Fabrik 
von  Dieterich  in  Helfenberg) :  (li   lodeigon  is  an  .iodized,  water  u 
uble,  e-_r^  albumin,  with   20  per  cent,  of  iodin.     This  compound 
studied  by  Taege,*  who  found  that  95  per  cent,  of  the  total  iodin  was  in 
loosely  combined,  inorganic  form,  mainly  as  hydriodic  acid,  ami  this  was 
v  splil  oil'  on  shaking  with  cold  water.    Od  giving  this  compound  by 

■  in  he  found  that  the  excretion  ended  in  ninety  hours,  with  the  excre- 
tion of  76.4    per  cent,  of  the  total    iodin.  with    ■.'•"..!    pel'  cent,   in   organic 

form  and  53.0  per  cent,  in  Inorganic  form.     (2).  lodeigonatrium  is  a 


t.  Wheeler  and  Mendel:  Jour.  Biol.  <  hem.,  1909,  vii, 
5    0  \v:iM:  Ztschr.  f.  physiol.  (  hem.,  1909,  Iviii,  299. 

6.  Pauly:  Ztschr.  f.  physiol.  (  hem.,  sliii,  2243. 

7.  Oswald:   Ztschr.  f.  physiol.  Chem.,   1911,  1\\.  311. 

8.  Taegi  :    Med.  Klin.,  L910,  vi,  1536. 
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water  soluble,  sodium  salt  of  an  iodized  egg  albumin,  said  to  contain  15 
per  cent,  of  iodin.  This  compound  was  examined  by  Oswald,9  who  found 
96  per  cent,  of  the  iodin  split  off  after  four  and  one-half  hours'  boiling 
with  saturated  barium  hydrate.  He  was  unable  to  separate  iodotyrosin 
from  this  substance.  Mosse  and  Xeuberg10  also  examined  this  compound 
and  found  only  a  little  iodin  split  off  on  boiling  with  dilute  acids.  (3) 
Pcptoideigon  (iodopeptone),  a  third  form,  contains  15  per  cent,  of  iodin. 
lodomangan,  1ST.  X.  E.,  contains  1  per  cent,  of  this  compound. 

Iodglidin  (Klopfer,  in  Dresden)  is  an  iodized  plant  albumin  (gliadin) 
containing  10  per  cent,  of  iodin,  of  which  38.4  per  cent,  is  in  loosely 
combined,  inorganic  form  (Taege) .  Taege  gave  this  compound  by  mouth 
and  found  63.2  per  cent,  of  the  iodin  excreted  in  seventy-eight  hours, 
with  48.2  per  cent,  in  inorganic  form  and  15  per  cent,  in  organic  com- 
bination. Xeuberg11  hydrolyzed  this  compound  with  30  per  cent,  sul- 
phuric acid  at  40  C,  and  separated  a  crystalline  copper  salt  containing 
52.25  per  cent,  iodin,  but  he  did  not  obtain  diiodotyrosin.  Oswald1  also 
hydrolyzed  iodoglidin  and  obtained  7.3  per  cent,  of  the  original  iodin 
present  as  diiodotyrosin,  using  saturated  barium  hydrate  as  the  hydro- 
lyzing  agent.  Wheeler  and  Mendel12  also  found  diiodotyrosin  on  hydro- 
lysis. According  to  Broking,13  iodglidin  is  very  unstable,  affected  by 
light,  pepsin,  trypsin,  etc.  The  iodin  is  firmly  combined  only  in  part, 
and  a  much  greater  part  is  loosely  held,  this  agreeing  with  the  results  of 
Taege.  Boruttau14  showed  that  iodin  could  be  split  off  by  digestion  with 
pepsin,  treating  with  alcohol,  or  boiling  with  acids. 

Iodalbin,  X.  X.  R.  (Parke,  Davis  &  Co.),  is  said  to  be  a  compound  of 
iodin  with  blood  albumin,  containing  approximately  21.5  per  cent,  of 
iodin.  It  is  said  to  contain  no  free  iodin,  unless  decomposed.  It  is 
insoluble  in  the  ordinary  solvents,  but  soluble  in  alkalies.  I  have  exam- 
ined samples  of  this  substance,  obtained  in  the  open  market,  and  find  the 
claims  as  to  the  total  amount  of  iodin  to  be  substantiated,  as  I  have  found 
21.6  per  cent,  of  iodin.  The  dry  substance  gives  a  strong  blue  color 
with  starch  paste.  On  shaking  for  a  few  minutes  with  a  dilute  solution 
of  potassium  iodid  (6  gm.  in  500  c.c.)  an  amount  of  iodin  equivalent  to 
3.1  per  cent,  of  the  original  weight  of  the  substance  is  separated  from  it. 
On  shaking  for  four  hours  in  distilled  water,  at  room  temperature,  I  have 
found  an  amount  of  iodin  equivalent  to  4.9  per  cent,  of  the  original 
weight  of  the  substance  to  be  separated  off.    The  considerable  amount  of 


9.  Oswald:  Ztschr.  f.  pliysiol.  Chem.,  1911,  lxxii.  374. 

10.  Mosse  and  Xeuberg:  Ztsehr.  f.  physiol.  Chem.,  1902-3,  xxxvii,  427. 

11.  Neuberg:    Biochem.  Ztscfcr.,  xxvii,  251. 

12.  Wheeler  and  Mendel:   Biochem.  Ztsehr.,  1910,  xxix,  419. 

13.  Broking:  Ztschr.  f.  exper.  Path.,  1910,  viii,  125. 

14.  Boruttau:   Deutseh.  med.  Wchnschr.,  1907,  1490. 
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free  iodin  which  the  substance  contains  would  doubtless  prove  irritating 
in  the  stomach. 

lodomenin  (Herr  Wolfing,  Berlin)  is  a  compound  of  albumin  with 
the  bismuth  iodin.  It  contains  4.-45  per  cent,  of  iodin  (Taege8),  and  of 
this  91.4  per  cent,  is  split  oil:  by  shaking  witli  water,  most  of  it  b 
united  to  bismuth.  Taege  gave  this  substance  by  mouth,  and  found  81.4 
per  cent,  of  the  total  iodin  given,  excreted  in  ninety  hours,  65.7  per  cent. 
inorganic,  and  15.7  per  cent,  inorganic  combination. 

Proiodin  (Wolf,  in  Bielefeld)  is  an  iodized  casein  with  an  iodin 
content  of  4.23  per  cent.  (Taege8),  that  is  firmly  bound  in  the  protein 
molecule.  Practically  all  of  this  substance  is  excreted  in  organic 
combination. 

Iodomaisine  is  the  iodized  product  of  the  albumin  from  corn  meal 
(zein)  containing  1  i.G8  per  cent,  of  iodin.  It  gives  both  the  biuret  and 
Mi! Ion  reactions. 

fodiropon  (Troponwerken  in  Miilheim)  contains  5  per  cent,  of  iodin. 
Of  the  total  iodin  only  3.37  per  cent,  is  split  off  on  shaking  witli  cold 
water,  leaving  96.63  per  cent,  in  organic  combination.  In  sixty  hours 
only  13.2  per  cent,  of  total  iodin  given  was  found  in  the  urine  (Taege8), 
and  at  that  time  the  urine  was  free  of  iodin. 

B.  Iodized  Fats  and  Fatty  Acids. — The  first  iodized  fat  to  be  recom- 
mended I'M'  therapeutic  use  was  described  by  Winternitz."  It  was  intro- 
duced into  the  market  under  the  name  of  Iodipin  (vide  infra).  Since 
then  numerous  other  compounds  have  been  manufactured,  their  com- 
position depending  on  the  fact  that  the  free  valences  in  unsaturated  fatty 

-  may  he  satisfied  by  iodin.    The  resulting  compounds  are  generally 
from   free  iodin.  and  do  not  yield  their  iodin   readily,  exeepl  on 
hydrolyE  .-rally,  therefore,  more  stable  than  the  iodized 

albun 

Jodipin,  X.   X.    R  fodud   of  the  addition  of  iodin 

chlorid  to  oil  of  sesame,    I»  is  on  the  markel  in  two  forms,  oi f  10  per 

'.  and  the  other  ol  ngth,  for  hypodermic  use. 

'I'll"  darker  color  of  the  25  t.  preparation  is  not  due  to  five  iodin. 

body  which  the  oil  contau 
.     ■  \.  \.  I;.  (Farbenfabrikenvon  Elberf eld),  is  the  calcium  soap 

of  ;.  fatty  acid  obtained  by  iodizing  erucic  acid,  forming  iodd-behenic 
acid.  The  formula  is  said  to  he  (CaiH48ICO0  I  a.  Theoretically  this 
86.03  per  cent,  of  iodin.  Two  .simples  analyzed  by  me 
showi  d  an  iodin  <-.  r. i ■  m  of  22.  t6  pei  1 1  nt.  and  22.68  per  cent.  On  boiling 
for  fifteen  minutes  with  25  per  cent,  sulphuric  acid,  the  substance  splits 
off  the  iodized  fatty  acid,  which  by  further  hydrolysis  yie)  lin. 

15.  Winternitz:   Deutach,  med,  Wchnschr.,  1897,  Jtxiii,   177. 

16.  Winternitz:    Mtinchen.  med.  Wchnschr.,   1903  I.   1241. 
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Lipoidin  is  a  new  iodized  fatty  acid  ester  described  by  Loeb  and  van 
der  Yelden.17  It  is  the  ethyl  ester  of  a  diiodized,  unsaturated  fatty  acid  of 
the  formula  C24H44I202,  containing  41.06  per  cent,  of  iodin.  It  is  soluble 
in  70  per  cent,  alcohol,  also  in  oils,  fats,  benzol,  chloroform,  and  insoluble 
in  water. 

Iodostarin  (Hoffmann-La  Eoche  Chemical  Works)  is  a  new  diiodized 
fatty  acid  of  the  formula  C18H,2I202,  and  should  contain  47.5  per  cent, 
of  iodin.  The  Hoffmann-La  Eoche  company  has  furnished  me  with 
sample  tablets  of  the  substance,  each  containing  0.25  grams  of  the 
compound,  and  said  to  contain  0.12  grams  of  iodin.  In  my  analysis  of 
these  tablets  I  have  found  the  iodin  content  to  be  46.53  per  cent.,  each 
tablet  containing  0.116  grams.  Iodostarin  occurs  as  a  colorless  powder, 
insoluble  in  water,  but  soluble  in  alcohol,  ether,  etc. 

Iodival  (Knoll  &  Co.)  is  iodoisovalerianyl  urea,  corresponding  to  the 
bromid  compound  "Bromural,"  N.  1ST.  E.  It  is  somewhat  soluble  in  water. 
It  is  said  to  contain  47  per  cent,  of  iodin. 

C.  Other  Organic  Iodin  Compounds. — The  other  organic  iodin  com- 
pounds used  therapeutically  are  used  mainly  for  their  antiseptic  action. 
Iodoform  (CHI.,)  has,  of  course,  priority  over  the  rest  of  these.  Xumer- 
ous  substitutes  for  iodoform  have  been  introduced,  such  as  Thymol  Iodid, 
U.  S.  P.  (Aristol)  ;  Europhen,  K  N.  E.;  Airol,  N.  N.  E.;  Iodone,  N".  K 
E.;  Iodoformogen,  ~N.  N.  E. ;  Vioform,  N".  N.  E.,  etc.  If  these  substances 
are  given  internally  they  are  split  in  the  body,  and  the  iodin  is 
liberated  in  the  form  of  iodids,  and  excreted,  but  the  substances  them- 
selves and  their  decomposition  products  in  the  body  have  certain  toxic 
actions  (such  as  that  of  iodoform)  which  render  them  unsuited  for 
internal  use. 

I o thin,  1ST.  KT.  E.  ( Farbenf abriken  von  Elberfeld  Co.),  is  di-iodo- 
hydroxy-propane,  obtained  by  chlorinating  glycerin  and  replacing  the 
chlorin  by  iodin.  It  is  a  yellowish,  oily,  heavy  liquid,  said  to  contain  77 
per  cent,  of  iodin,  and  is  recommended  for  application  to  the  skin  in  the 
form  of  inunctions,  for  absorption. 

Glycerodin,  N.  N.  E.  (H.  K.  Wampole),  the  glycerite  of  hydriodic 
acid,  is  not  a  true  organic  preparation. 

Iodocitin  is  a  recently  described  compound  of  iodin  and  lecithin.18 

II. ABSORPTION   AXD   EXCEETIOX 

Since  most  of  the  organic  iodin  preparations  used  internally  are 
addition  products  of  iodin  with  proteins  or  fatty  acids,  the  question  of 
their  absorption   is   intimately  concerned   with   the  physiology   of  the 


17.  Loeb  and  Van  der  Velden:  Therap.  Monatsh.;  1911,  xxv,  209. 

18.  Neuberg:   Therap.  d.  Gegenw.,  August,   1911. 
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absorption  of  the  proteins  and  fats.     A.s  certain  cl  cur  in  th  -■ 

substances  in  the  process  of  digestion  and  absorption,  w  I  to  find 

that  their  iodin  addition  products  will  undergo  certain  similar  chai 
in  the  gastro-intestinal  tract.  Boruttau19  has  carried  on  artificial  peptic 
and  pancreatic  digestion  of  the  iodized  proteins,  and  has  determined  the 
amount  of  iodin  presenl  in  the  splitting  products  obtained.  Ee  found 
that  the  compounds  which  are  easily  deprived  of  their  iodin  by  washing, 
etc.  (such  as  iodglidin),  yield  it  readily  on  digestion,  and  a  relatively 
large  amount  appears  as  inorganic  iodid,  while  a  relatively  small  amount 
remains  in  the  undigested  residue.  The  reverse  is  true  of  the  more  stable 
compounds,  such  as  iodalbacid.  Se  found  iodin  in  all  the  fractions 
acid  proteins,  peptones,  etc.  Ee  concluded  thai  the  splitting  off  of 
inorganic  iodin  did  not  occur  in  the  stomach,  though  it  could  be  produced 

-:dc  the  body  by  peptic  digestion,  but  that  the  splitting  products  of 
the  proteins  left  the  stomach  hefore  that  stage  had  been  reached,  and  that 
the  process  was  completed  by  pancreatic  digestion,  and  that  a  Is 
amount  of  the  iodin  was  absorbed  in  the  form  of  inorganic  iodids.  V. 
Fiirth  and  Friedman20  demonstrated  that  when  iodalbacid,  one  of  the 
more  stable  compounds,  was  fed,  most  of  the  iodin  was  carried  in  the  blood 
in  inorganic  form.  Some  absorption  of  the  iodin  in  the  form  of  iodized 
splitting  products  of  the  proteins  also  occurs,  the  amount  depending  on 
the  amount  of  iodin  which  is  firmly  hound  in  the  protein  molecule.  Ajs 
3-5  diiodotyrosin  has  been  obtained  from  hydrolysis  of  many  of 
iodized  proteins,  it  is  probable  thai  a  pari  of  the  iodin  is  absorbed  in  thai 
form,  and  similar  forms.  Mosse  and  NTeuberg21  found  iodhippuric  acid 
in  the  urine  on  feeding  iodeigonatrium  to  rabbits,  and  found  iodben 
acid  in  the  blood  on  feeding  the  same  substance  to  dogs.  Oswald22  waa 
unable  to  confirm  their  results,  and  concludes  thai  the  iodin  in  the 
preparation  used  was  nol  held  as  diiodotyrosin. 

"The  form  in  which  the  iodin,  \'r<\  in  the  form  of  iodized  proteins,  is 
excreted  depends  largely  on  the  form  in  which  it  is  absorbed.    Taege8  has 
shown  a  close  parallelism  to  exisl   between  the  stability  of  the  iod 
proteins  and  the  amount  of  organic  iodin  in  the  urine.     It  is  probable, 
therefore,  thai  ;i  large  pari  of  the  iodin  absorbed  in  organic  combination 

ted  in  practically  the  sa form,  without  ever  being  liberated  in 

inorganic  form.    This  i-  borne  oul  by  the  work  of  Oswald,28  who  \'r<:. 
diiodotyrosin  to  rabbits,  and  found  thai  aboul  half  of  the  iodin  given  was 


19,   Boruttau:    Ztschr.   i.  exper.   Path.  u.  Therap.,  1910,  viii,    H8 

\nn  i  iiiii,  and  Friedman:  Arch.  f.  exper.  Path.,  Festschr.  f.  Schraiedeberg, 
1908,  p.  21  1. 

21.   Mosse  and  Neul  hr.  f.  physiol,  «  hem.,  1903,  exxvii,  II'.'. 

•  iswald:  Ztschr.  i    physiol.  <  hem.,  1910,  Ixv,  141. 
i  iswald:  Ztschr.  f.  physiol.  Chem.,  1909,  Ixii, 
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excreted  in  the  urine  in  organic  combination,  partly  in  the  same  form  in 
which  it  was  given.  This  iodin  would  necessarily,  therefore,  be  devoid 
of  any  iodin  "ion  action."  Abderhalden  and  Slavu24  gave  3-5  diiodoty- 
rosin  by  mouth  and  subcutaneously  and  found  most  of  the  iodin  in  the 
urine  in  inorganic  form.  They  found  some  in  organic  combination,  but 
not  as  diiodotyrosin.  They  found,  however,  a  considerable  amount  of 
diiodotyrosin  in  the  feces,  even  when  the  substance  was  given  subcu- 
taneously. 

The  fate  of  the  iodized  fats  is  similar  to  that  of  the  fats  and  fatty 
acids  themselves.  They  generally  pass  through  the  stomach  unchanged25 
and  are  split  in  the  intestines  and  absorbed.  In  the  case  of  sajodin,  the 
calcium  is  probably  first  split  off,  as  this  change  occurs  first  on  hydrolysis, 
and  following  this  there  is  at  least  partial  splitting  off  of  the  iodin  from 
fatty  acid.  Metzger26  fed  sajodin  to  dogs  with  intestinal  fistulas,  and 
showed  the  presence  of  inorganic  iodin  in  the  duodenum  during  digestion. 
With  iodipin  he  was  unable  to  demonstrate  any  inorganic  iodin  in  the 
stomach  or  upper  duodenum.  According  to  Winternitz,16  iodipin  is  not 
absorbed  in  the  stomach,  but  is  split  in  the  intestines  by  the  bile  and 
pancreatic  and  intestinal  juices,  leaving  the  iodin  bound  to  the  fatty 
acid,  and  is  absorbed  mainly  as  the  iodized  fatty  acid.  He  showed  that 
the  iodin  was  present  in  the  ether  extract  of  the  blood  after  absorption, 
and  concluded  that  it  was  identified  with  the  fats  there.  By  oxidation  of 
the  iodized  fatty  acid  in  the  blood  and  in  the  tissues  the  iodin  is  split  off 
in  the  form  of  iodid  and  excreted.  "Wells27  concluded  that  when  iodipin 
was  injected  subcutaneously  it  was  carried  in  the  blood  mainly  as  inor- 
ganic iodin.  Boruttau19  gave  sajodin  and  iodival  in  large  doses  to  dogs, 
took  blood  from  the  carotid,  and  found  that  much  more  iodin  was  present 
in  the  blood  in  inorganic  than  in  organic  form.  Abderhalden  and 
Kautzsch28  concluded  that  sajodin  was  absorbed  as  the  mono-iodobehenic 
acid,  and  was  taken  into  the  cells  in  that  form,  and  that  iodin  was 
liberated  by  oxidation  in  the  cells.  My  analysis  of  the  liver  after  giving 
sajodin  (vide  infra)  would  indicate  that  a  part  of  the  iodin  is  present  in 
the  tissues  as  the  iodized  fatty  acids,  though  I  do  not  regard  this  as 
sufficiently  demonstrated. 

Loeb  and  van  der  Velden17  showed  that  iodival  is  absorbed  without 
any  inorganic  iodin  being  split  off  in  the  intestine.  Broking13  came  to 
the  same  conclusion. 


24.  Abderhalden  and  Slavu:   Ztschr.  f.  physiol.  Chem.,  1909,  lxi,  405. 

25.  Posternak,  Bull.  Soc.  de  therap.,  series  4,  1910,  xi;  Bachem:  Mitnchen.  med. 
Wchnschr.,  1911,  No.  41. 

26.  Metzger:   Med.  Klin.,  1911,  vii,  1390. 

27.  Wells:  Ztschr.  f.  physiol.  Chem.,  1905,  xlv,  412. 

28.  Abderhalden  and  Kautzsch:  Ztschr.  f.  exper.  Path.  u.  Therap.,  1907,  iv,  1. 
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"When  the  iodized  fats  are  taken  :  mount  of  iodin  1 

the  body  in  the  urine  in  the  form  of  potassium  iodid,29  though  a  small 
amount  urine  in  organic  combination.     This  is  of  no 

-  about  9.9  per  cent,  of  iodin  given  as  potassium  iodid  may 
^appear  in  the  urine  in  organic  combination  |  Taege8),  and  Earnack80  has 
shown  that  a  spontaneous  change  from  iodid  to  organically  combined 
iodin  may  occur  under  normal  circumstances  in  fresh  urine. 

The  excretion  of  iodin  in  the  milk,  when  given  in  the  form  of  iodized 
fats,  is  of  interest.  Lons81  fed  lipoiodin  and  found  greater  amount - 
iodin  in  the  milk  than  when  corresponding  amounts  of  potassium  iodid 
were  fed,  He  was  unable,  however,  to  identify  the  iodin  in  the  milk  with 
the  milk  fat.  Winternitz18  fed  iodized  hog  fat  to  a  goat,  and  found  iodin 
in  the  milk  in  the  form  of  an  iodized  milk-fat,  and  also  in  the  milk  serum 
in  inorganic  form.  In  seven  days  (J. "2  per  cent,  of  iodin  given  was 
excreted  in  the  form  of  iodized  milk-fat. 

The  absorption  of  iodin  compounds  from  other  places  than  the  gastro-' 
intestinal    tract   has   been   studied.      The   absorption   of   iodipin    when 
administered  subcutaneously  has  already  been  mentioned.     Winternitz1'5 
showed  that  iodipin  was  not  absorbed  I  the  unbroken  skin,  as  the 

mine  remained  iodin-free.  and  he  also  showed  that  not  over  1"  per  cent. 
absorbed  when  administered  by  rectum.  Iothion,  which  is  of  the 
nature  of  an  iodized  volatile  oil,  is  rapidly  absorbed  through  the  unbroken 
skin,82  appearing  in  the  urine  in  about  one  hour.  It  is  irritant  to  the 
skin,  and  is  usually  applied  in  the  form  of  an  inunction,  using  lanolh 
a  h 

RATE  OF  ABSORPTION  AND  EXCRETION 

The  rate  of  absorption  and  excretion  of  the  organic  iodin  preparations 
has  been  studied  mainly  in  comparison  with  the  excretion  of  potassium 
iodid.     The  o   of  potassium   iodid   has  been   studied   by  many 

rvers,  and  tl  -  agree  in  general  with  those  of  Ant-  . 

showed   that   (1)   after  one  dose  of  potassium   iodid    (0.5  grain-) 
highest  amount  in  the  mine  is  in  the  second  hour,  rarely  in  the  first  or 
third  ;  (2)  the  average  amount  excreted  in  the  urine  after  this  dose 
per  cent,   (minimum,  o.">  per  cent.,  maximum,  85  per  cent.);   (3)   the 
duration  of  the  presence  of  iodin  in  the  urine  after  such  a  0.5 

me  is  forty  bours.  Aiter  two  doses  five  hours  apart  the  duration  is 
fifty-six  hour.-,  and  after  i  ea  in  ten  hour-  la  seventy-seven  ho 

(  I)  when  mucilaginous  bodies  are  given  with  potassium  iodid  the  excre- 


29.  v.  Klingmtlller:   Berl.  klin.  Wchnschr.,  '  i40;  Winternitz:   Mtlnchen. 

raed.  Wchnschr.,   L903,  I.   L241. 

\rcii.  intermit.  <l.  Pharm.  u.  Therap.,  1910,  xx, 
I        :   Berl.  klin.  Wchnschr.,  191 1.  xlviii,  2064. 

n  :   Xt  -(in  .  :  Pat  !•  .  1905,  ii.   H6. 

■  n  :  Arch.  f.  exper.  Path.  a.  Pharm.,  1902,  \l\iii.  331. 


FRANKLIN     C.     M'L&AN  513 

tion  is  slower  in  the  first  two  hours;  (5)  when  potassium  nitrate  or 
sodium  chlorid  is  given  with  potassium  ioclid  the  excretion  of  iodin  is 
distinctly  greater.  Broking13  found  potassium  iodid  to  be  rapidly 
absorbed  in  the  small  intestine  and  the  excretion  in  the  urine  to  average 
80  per  cent,  of  that  given.  Excretion  begins  a  few  minutes  after  taking, 
and  lasts  in  the  urine  sixty  hours  as  a  maximum.  He  found  75  per  cent, 
excreted  in  the  urine  in  the  first  twelve  hours,  and  only  5  per  cent,  after 
that  time,  and  found  iodin  in  the  feces  only  in  traces.  The  relation 
between  the  excretion  of  chlorin  and  iodin,  and  particularly  between 
chlorin  and  bromin  has  been  studied  by  a  number  of  observers.  Sarvonat 
and  Crenieu34  have  shown  that  animals  on  a  chlorin  free  diet  retain  iodin 
in  the  tissues  longer  and  in  greater  amounts  than  those  receiving  chlorids 
in  the  diet.  The  fate  of  the  iodin  which  does  not  appear  in  the  urine  has 
not  been  entirely  settled.  Only  small  amounts  appear  in  the  feces,  but 
iodin  has  been  found  in  the  perspiration,  and  in  the  hair,  etc.,  and  the 
thyroid  may  hold  a  considerable  amount  (vide  infra).  Boruttau19  found 
small  amounts  in  the  intestine,  kidneys,  heart  and  lungs  four  days  after 
giving  potassium  iodid  to  a  rabbit. 

The  iodized  fats  and  fatty  acids  show  the  greatest  difference  from 
potassium  iodid  with  regard  to  rapidity  of  excretion.  After  the  adminis- 
tration of  sajodin  the  iodin  does  not  appear  in  the  saliva  and  urine  until 
after  one  to  three  hours,  and  eighty-four  hours  is  required  for  excretion 
of  iodin  in  the  urine  after  a  single  dose,  during  which  time  35  to  50  per 
cent,  of  iodin  given  appears  in  the  urine  (Broking13).  From  7  to  10  per 
cent,  appears  in  the  feces  unchanged.  The  highest  point  in  the  excretion 
is  reached  in  the  first  twelve  hours,  but  the  amount  excreted  remains 
high  during  the  first  thirty-six  hours,  though  in  the  case  of  potassium 
iodid  it  falls  very  low  after  twelve  hours.  Singer35  found  only  58.5  per 
cent,  of  iodin  given  as  iodipin  in  the  urine,  and  showed  that  the  excretion 
was  much  slower  than  in  the  case  of  potassium  iodid.  Broking13  showed 
that  the  excretion  of  iodival  began  rapidly,  reached  its  height  within  a 
few  hours,  and  continued  about  sixty  hours  after  a  single  dose,  resulting 
in  the  excretion  of  about  80  per  cent,  of  the  iodin  given.  He  showed  that 
the  rate  of  excretion  was  somewhat  more  uniform  than  with  potassium 
iodid,  especially  when  the  drug  was  given  in  successive  doses.  He  found 
2  per  cent,  remaining  in  the  feces.  Loeb  and  van  der  Velden17  showed 
that  iodival  is  rapidly  absorbed  and  appears  in  saliva  and  urine  in  twelve 
minutes,  and  that  the  rate  of  excretion  is  practically  parallel  with 
potassium  iodid.  Loeb  and  van  der  Yelden  also  showed  that  with  lipo- 
iodin  the  excretion  began  in  two  to  three  hours,  and  continued  seventy- 
two  to  120  hours,  and  they  found  an  average  of  3  to  12  per  cent,  in  the 


.34.  Sarvonat  and  Crenieu:  Compt.  rend.  Soc.  de  biol.,  1911,  lxx,  268. 
35.  Singer:   Ztschr.  f.  klin.  Med..  1904,  Hi,  521. 
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feces  under  normal  conditions.  They  also  found  some  of  the  iodin  prea 
in  the  blood  in  ether-soluble  form,  and  concluded  that  the  ester  or  the 
free  fatty  acid  was  absorbed  with  iodin  combined.     Abderhalden  and 
Eirsch36  found  that  the  ethyl  esters  of  iodized  fatty  acids,  such  as  I 
iodin,  were  slowly  absorbed.     Loeb  and  van  der  Velden  conclud 
when  lipoiodin  was  given  the  iodin  was  slowly  and  even! 
a  comparatively  even  iodin  effect. 

The  iodized  proteins,  being  of  a  more  or  less  unstable  character 
generally  absorbed  and  excreted  more  rapidly  than  the  iodized  fatty  aci    -. 
and  the  rate  of  i  5  more  nearly  like  that  of  potassium  iodid. 

Broking13  found  iodglidine  to  be  excreted  in  a  similar  manner  to  iodival, 
and  found  3  to  4  per  cent,  in  the  feces.  1  have  found  iodin  in  the  urine 
within  fifteen  minutes  after  the  administration  of  iodalbin,  which  would 
be  expected  from  its  content  of  free  iodin.  The  work  of  Taege,  showing 
the  relationship  between  the  stability  of  the  iodized  proteins,  has  already 
been  quoted  (vide  supra) . 

Metzger28  studied  the  excretion  of  iodocitin    (iodized  lecithin)   and 
found   the  highest  point  in  excretion  within  the  first  twelve  hours,  a 
iderable  amount  being  excreted  in  organic  form. 

The  relation  between  iodin  and  chlorin  excretion  has  been  shown  by 
Herzfeld  and  Heimann87  to  be  the  same  in  the  ease  of  iodostarin  as  when 
the  iodide  arc  given. 

■  influence  of  pathological  conditions  on  the  absorption  and  excre- 
tion oi  certain  compounds  has  been  studied  by  Loch  and  van  der  Velden,17 
who  showed  that  in  patients  with  diarrhea.  50  percent,  of  iodin  given  as 
Lipoiodin  may  appear  in  the  feces.     Van  der   Velden88  found  -that 

n  of  iodin  in  the  urine  may  be  markedly  changed  from  normal 
under  certain  pathological  conditions.    He  found  that  there  was  a  slowed 

retion  of  potassium  iodid,  but  a  quickened  n  of  iodival,  and 

concluded  that  there  may  be  a  i le  rapid  and  intensive  splitting  of 

iodin  from  the  organic  complex  in  the  one  case.    The  1<  excretion 

iodin  in  Qephritis  has  also  been  shown  in  the  case  of  iodival  by  Norsa 
and  Arcadi.89 

III.      DISTRIBUTION    IN   THE   I'.ODY 

The  factors  concerned  in  the  entrance  of  the  various  Lodin  compounds 
into  the  cell  are  still  unsettled.  I  >.  Loeb40  gave  potassium  iodid  te  rabbits, 
and  Found  the  largesl  amounts  of  iodin  in  the  hi I.  kidneys  and  lymph- 
nod                  isive  of   thyroid).      He   found    the  brain,  spinal   cord,    fatty 

and  hone  always  iodin  free.    When  he  gave  iodival,  iodanilin  and 


36.  Abderhalden  and  Birsch:  Ztsehr.  f.  phyaiol.  Chem.,  1911,  Ixxv,  38. 

37.  Herzfeld  an  I  Heiman:  Med.  Klin.,  1911,  vii,  I 

der  Velden:  'I  berap.  Monatsh.,  1910,  xxiv,  632. 
irsa  and  Arcadi:  Zentralbl.  f.  Biochem.,  x,  619. 
40.  Loeb,  0.:  Arch.  f.  exper.  Path.,  1907,  Ivi,  310. 
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iodoform  he  found  iodin  in  the  brain  and  in  fatty  tissues,  and  he  ascribed 
their  entrance  into  these  tissues  to  their  lipoid  solubility.  Bomttau19  was 
unable  to  confirm  his  results  with  regard  to  potassium  iodid,  as  he  found 
iodin  in  the  brain  after  giving  potassium  iodid.  Boruttau  found,  four 
days  after  giving  iodized  proteins,  that  the  largest  amounts  of  iodin  were 
in  the  brain.  He  concludes  that  the  "Neurotropic"  and  "Lipotropie"  of 
Loeb  are  relatively  unimportant,  except  for  iodized  fats  subcutaneously 
injected. 

In  this  connection  it  is  important  to  know  in  what  form  the  iodin  is 
present  in  the  tissues.  Lesser41  gave  a  rabbit  10  c.c.  of  25  per  cent,  iodipin 
within  twenty-four  days,  separated  the  fats  from  the  tissues  by  ether 
extraction  and  obtained  the  following  results : 

—  Mg.  per  Gram  of  Organ  — 

Organ                                 Weight  Totariodin         I  as  Iodized  Fat 

Lung  26.4  0.55  0.255 

Liver    6S.0  0.45  0.1 

Kidneys 18.2  0.2  0.009 

Mesenterial  fat 4.0  ....  0.045 

Blood    100  c.c.  0.15  trace 

He  concluded  that  on  giving  iodized  fat  a  large  amount  of  iodin  was 
split  off,  and  only  a  part  circulated  in  the  blood  as  fat  or  fatty  acid,  while 
a  part  is  taken  up  by  the  tissues  in  the  form  of  the  fat  or  fatty  acid. 

To  determine  with  what  constituents  of  the  cell  the  iodin  is  mainly 
identified  after  entrance  into  the  tissues,  I  have  analyzed  certain  tissues 
for  the  distribution  of  iodin  in  the  cell,  after  giving  iodized  fatty  acids, 
iodized  proteins  and  potassium  iodid.  The  liver  was  chosen  for  this  work, 
as  it  is  of  convenient  size  (in  rabbits)  for  extraction,  and  because  it 
contains  a  considerable  amount  of  lipoid  substance,  and  also  because  it 
takes  up  a  considerable  amount  of  iodin.  The  separation  of  the  cell  con- 
stituents was  made  by  the  method  described  by  W.  Koch.42  The  rabbits 
were  given  the  iodin  compound  hypodermically  or  by  stomach  tube,  and 
were  later  killed  by  bleeding  from  the  neck,  and  the  tissues  collected  and 
estimations  of  the  total  iodin  in  the  principal  organs  made.  The  liver 
was  cut  up  in  small  pieces  and  put  in  enough  absolute  alcohol  to  make  85 
per  cent,  alcohol,  with  the  water  in  the  tissue,  and  allowed  to  stand  for 
one  to  two  weeks,  after  heating  up  to  70  C.  for  about  an  hour.  It  was 
then  subjected  to  a  continuous  hot  alcohol  extraction  in  the  extraction 
apparatus  described  by  Koch,  for  four  hours,  followed  by  an  ether  extrac- 
tion of  one  hour.  The  dried  residue  was  then  finely  powdered,  soaked 
up  with  water,  made  up  again  with  absolute  alcohol  to  85  per  cent,  alcohol 
and  allowed  to  stand  a  few  hours,  after  which  it  was  again  extracted 
with  hot  alcohol  for  about  twelve  hours.    The  residue  was  then  dried  in 

41.  Lesser:  Arch.  f.  Dermatol.  Syph.,  1903,  lxiv,  No.  1. 

42.  Koch,  W.:  Jour,  of  Am.  Chem.  Soc,  1909,  xxxi,  1330. 
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an  oven  to  constant  weight.  The  alcohol  extract  was  evaporated  to  near 
dryness,  dried  for  two  to  three  days  in  a  vacuum  desiccator  and  emulsified 
in  water.  After  complete  emulsifieation  the  lipoids  were  precipitated 
according  to  the  method  of  Koch,4-  by  hydrochloric  acid  and  chloroform. 
Estimations  were  made  of  the  amount  of  iodin  in  the  three  fractions 
separated  in  this  way  (  (  1  )  protein  residue,  (2)  lipoids — alcohol  soluble, 
water  insoluble,  (3)  water  soluble,  alcohol  soluble).  All  iodin  determina- 
tions were  made  by  a  slight  modification  of  the  method  described  by 
Hunter.43  This  method  has  given  very  uniform  results  in  our  hands. 
The  protocols  of  typical  experiments  will  serve  to  illustrate  the  results. 

\ent  V. — Potassium  Iodid — Rabbit,  weight  1.000  gm. 
July  22.  3  p.  in..  0.8  gm.  KI  in  water  by  Btomach  tube. 
July  23,  9  a.  m.,  0.5  gm.  KI  in  water  by  stomach  tube. 
July  23,  10:30  a.  m.,  killed  by  bleeding  from  neck. 

.1  nalysi8  of  Tissues 

Organ  Weight,  Fresh,  gm.     Mg.  I  per  Gram  Fresh  Tissue 

Kidneys   10.1  0.344 

Blood   47.1  0.292 

Heart   4.15  0.122 

Liver    65.95 

Protein  residue  0.000 

Lipoid   (ale.  soL,  water  insol.)    0.032   (32.0%) 

Alcohol  soluble,  water  sol 0.007   (07.0%) 

Total    0.099 

Brain    -  0.007 

Experiment   VI. —  lodalbin— Rabbit;   weight   1,600  gm.  , 

July  25,  3:00  p.  m..  2  gm.  iodalbin  in  NaHC09  sol.  by  stomach  tube. 
July  26,  11:45  a.  in..  _'  gm.  iodalbin  in  NaH<  Q  boI.  by  stomach  tube. 
July  26,  2:00  p.  m..  killed  bj   bleeding  from  n> 

.1  nalysis  of  7  i 
Organ  W<  ight,  Fresh,  gm.     Mg.  I  per  drain  Fresh  Tissui 

Kidneys  9.7  0.2] 

Blood   63.7  -  0.209 

1.0  0.118 

Liver   70. 15 

Protein  residue  0.1 

Lipoid    (ale.  sol.,  water  insol.)    0.01  1    (24.6' 

Alcohol  boI.,  wat<  r  sol 0.043    <7.vr 

Total   0.057 

in   -  0.008 

Experiment   II      Sajodin     KaM.it-.  weight    1,790  gm. 

Jun  jodin  in  olive  oil  aubcutaneously. 

June  25,  0.3  gm.  sajodin  in  olive  "il  Bubcutaneously. 

June  26,  9:30  a.  to.,  0.6  gm.  sajodin  in  olive  "il  eubcutaneously. 

June  26,  1:30  p.  in.,  killed  by  bleeding  from  ne< 


43.  Bunter:  Jour.  Biol.  Chem.,  1910.  vii,  321. 
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Analysis  of  Tissues 

Organ  Weight,  Fresh,  gm.     Mg.  I  per  Gram  Fresh  Tissue 

Heart   4.6  0.0276 

Kidneys    10.82  0.0257 

Lungs'  9.12  0.0185 

Liver    54.9 

Protein  residue  0.0000 

Lipoid   (ale.  sol.,  water  insol.)    0.0106   (62.7%) 

Alcohol  sol.,  water  sol 0.0063    (37.3%) 

Total    0.0169 

Blood   74.7  0.0151 

Spinal  cord   2.7  0.0078 

Brain   7.S5  0.0053 

Experiment  IV. — Sajodin — Rabbit;  weight  1,400  gm. 
July  17,  2:10  p.  m.,  2  gm.  sajodin  in  olive  oil  by  stomach  tube. 
July  18,  9:30  a.  m.,  2  gm.  sajodin  in  olive  oil  by  stomach  tube. 
July  18,  1:30  p.  m.,  killed  by  bleeding  from  neck 

Analysis  of  Tissues 

Organ  Weight,  Fresh,  gm.     Mg.  I  per  Gram  Fresh  Tissue 

Heart  3.2  0.178 

Liver    49.5 

Protein   residue    0.010    (    6.4%) 

Lipoid  (ale.  sol.,  water  insol.)    0.082    (52.9%) 

Alcohol  sol.,  water  sol 0.063    (40.6%) 

Total    0.155 

Blood   26.5  0.125 

Kidneys   8.3  0.102 

Brain' 6.05  0.026 

The  results  of  these  experiments  would  tend  to  show  the  following: 

1.  There  are  no  essential  differences  in  the  distribution  of  iodid  after 
giving  potassium  iodid  and  iodalbin,  either  in  the  distribution  between 
the  different  organs,  or  in  the  distribution  in  the  various  constituents  of 
the  cell. 

2.  Sajodin  produces  a  relatively  higher  percentage  of  iodin  in  the 
lipoid  fraction,  indicating  that  the  lipoids  of  the  cell  take  up  iodized  fats 
from  the  blood.     (More  data  are  required  on  this  point.) 

3.  The  relative  amount  of  iodin  in  the  nervous  tissues  after  sajodin 
is  much  greater  than  after  potassium  iodid  or  iodalbin  —  though  small 
amounts  of  iodin  have  been  found  in  all  cases.  The  liver  also  stands 
relatively  higher  in  iodin  content  after  sajodin. 

IV. — PHYSIOLOGICAL    ACTION 

The  question  of  the  physiological  action  of  the  organic  iodin  prepara- 
tions is  even  more  complex  than  that  of  the  inorganic  iodids,  about  which 
we  know  relatively  little.  In  the  case  of  potassium  iodid,  we  have  to 
consider  the  action  of  the  salt  itself,  its  ions  after  dissociation,  and  the 
free  iodin  which  may  be  liberated  in  the  body.    In  the  case  of  an  iodized 
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fat  or  protein  we  :isider  the  action  of  the  molecule  as  a  whole,  its 

nie  splitting  products,  the  action  of  the  iodin  after  liberation  fr 
the  molecule  and  recombination  in  organic  or  inorganic  form  in  the 
body.    The  last-named  action  would  pr<  >e  identical  with  the  action 

•i  in  inorganic  form.    0.  Loeb44  divides  the  ration  of 

iodin  action  into  three  groups:  (1  )  salt  action,  (2)  effects  on  physioli 
activity  of  thyroid  and  (3)  changes  produced  in  pathologic  conditions. 
il    assumes  that  iodism  is  due  to  the  flooding  of  the  organism  with  iodin 

-  by  rapid  absorption  of  potassium  iodid,  and  advocates  the  use  of 
iodiz.,1  fats  (lipoiodin)  since  the  iodin  is  gradually  split  off  and  "Hood- 
ing" is  avoided. 

Erlenmeyer  and  Stein46  conclude  that  all  iodin  action  is  ion  action; 
that  organic  iodin  compounds  act  only  as  iodin  is  split  oil  in  the  body, 
and  that  sell  substances  as  lodipin  and  sajodin,  by  their  smaller  iodin 
content,  are  weak  substitutes  for  potassium  iodid.  They  regard  iodism 
as  an  undesirable  side  action  of  ion  action.  Winternitz,48  however,  main- 
tains that  it  has  not  been  shown  that  the  action  of  all  iodin  preparati 
is  due  entirely  to  ion  action,  or  that  Lodipin  and  sajodin  must  be  changed 
into  potassium  iodid  to  act,  and  he  claims  thai  iodism  is  much  less  fre- 
quent with  the  iodized  fat-.     Hi-  contention  is  undoubtedly  true,  in  that 

may  have  other  actions  from  iodized  fats  than  the  iodin  ion  action; 
but  we  have  no  evidence  that  the  action  so  produced  is  the  action  desired 
in  tin1  cases  in  which  the  drugs  an1  recommended  as  substitutes  for 
i  iodid. 

With  regard  to  the  question  of  iodism,  v.  Nbtthaft47  concluded  that 
the  diminution  in  frequency  of  observation  of  iodism  with  the  .organic 
iodin   preparations  was  always  associated  with  other  disadvantages,  or 

thai    they  had    a    feebler  activity,  and   the  substances  either  split    off   loo 

Little'  iodin.  or  splil  it  oil'  with  greater  difficulty. 

The  relation  of  iodin  content  to  thyroid  activity  has  been  known  since 

Baumann48  published  his  observations  on  the  iodin  content  id'  the  gland. 

l'|i  to  i'  !  time  the  nature  "f  the  iodin  complex  in  the  gland  is 

not   known.     Hunt   and   Seidell49  attempted  to  find  thyreotropic  iodin 

■     ting  them  physiologically  by  the  aceto-nitrile  test.     The 

pnly  iodin  compound,  except    that  obtained    from  thyroid,  shown  to  have 

any  specific  "thyroid"  action  w;i>  that   from  "bladderwrack,"  and  thai 

was   much   weaker   in    proportion    to    it-    iodin   content    than    the   thyroid 


ii.  Loeb,  0.:   Deutach.  me.!.  Wchnschr.,  1911,  wwii.  1006. 

45.  Erlenmeyer  and  Stein:  Therap.  Monatah.,  1909,  xxiii,  133. 

•in.  Winternitz:  Therap.  Monatah.,  1909,  Pari  6 

17.  Von  Notthaft:   Monatah.  f.  prakt.  Dennat.,  Oct.  15,  1910;  abatr.  in  Jour. 
Am.  Med.  Aaan.,  Ivi,  I 

is.  Baumann:  Z\     hr.  f.  phyaiol.  <  hem.,  1895,  rati,  819. 

4!<.  Hunt  and  Seidell:  Jour.  Pharm.  and  Exper,  Therap.,  1010,  ii.  15. 
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substance  itself.  All  other  organic  compounds  studied  were  found  to  be 
relatively  only  about  as  active  as  potassium  iodid,  and  they  ascribe  their 
action  to  their  indirectly  increasing  the  activity  of  the  thyroid  by  increas- 
ing its  iodin  content.  T.  Fiirth  and  Schwartz50  tested  the  action  of 
iodized  egg  albumin  when  administered  intravenously  and  found  an 
action  similar  to  that  of  iodothyrin,  i.  e.,  it  produced  a  fall  in  blood- 
pressure  both  before  and  after  sectioning  the  vagi.  Xo  other  thyroid 
activity,  however,  has  been  shown  for  it. 

The  giving  of  iodin  in  combination  with  other  substances  may  some- 
times lead  to  toxic  action  due  to  the  rest  of  the  molecule.  This  has 
already  been  pointed  out  for  iodoform  and  its  substitutes.  Other  sub- 
stances, however,  intended  for  use  for  their  iodin  content  have  shown  a 
toxicity  far  greater  than  that  of  potassium  iodid.  Eeckhout51  has  shown 
iodival  to  have  a  hypnotic  action,  similar  to  that  of  bromural.  Loeb  and 
van  der  Velden17  have  shown  that  iodival  is  fatal  to  rabbits  in  doses  of 
0.5  gram  per  kilo  weight.  It  is  obvious,  therefore,  that  such  toxic  com- 
pounds could  not  be  used  where  the  action  of  large  amounts  of  iodin  was 
desired.  Boulaire52  tested  the  comparative  toxicity  of  various  iodin  com- 
pounds and  found  the  iodized  fats  least  toxic,  both  as  to  immediate  and 
late  effects,  while  he  found  iothion  most  toxic.     (Iodival  was  not  tested.) 

V. — CLINICAL  REPORTS 

As  is  to  be  expected,  we  have  numerous  reports  of  the  use  of  various 
organic  iodin  preparations  in  practically  every  disease  in  which  iodin  or 
the  iodids  are  recommended.  Many  writers  have  claimed  that  iodism  is 
less  frequent  when  an  iodized  fat,  for  example,  is  used  in  place  of 
potassium  iodid.  We  find,  however,  that  in  nearly  every  case  these  sub- 
stances have  been  given  in  relatively  small  doses,  and  very  few  attempts 
have  been  made  to  increase  the  dose  rapidly,  as  is  often  done  with 
potassium  iodid.  One  reason  for  this  is  undoubtedly  the  almost  pro- 
hibitive cost  of  the  organic  preparations,  when  large  amounts  are  desired. 

Many  observers  have  also  shown  that  the  stomach  is  less  apt  to  be 
disturbed  by  the  administration  of  organic  compounds.  This  is  to  be 
expected  when  substances  not  acted  on  by  the  gastric  contents  are  given, 
when  the  substances  are  not  irritating  themselves.  In  the  case  of  com- 
mercial preparations  containing  free  iodin  we  should  not  expect  them 
to  pass  through  the  stomach  without  local  effect. 

YVinternitz,10  0.  Loeb44  and  Boruttau53  agree  that  the  organic  iodin 
preparations  are  not  to  be  regarded  as  substitutes  for  the  alkalin  iodids 
in  every  case,  but  that  each  class  of  compounds  has  its  own  special  con- 


50.  Von.  Fiirth  and  Schwartz:   Pfliiger's  Arch.,  v,   125,  p.  113. 

51.  Eeckhout:  Arch.  f.  exper.  Path.  u.  Therap.,  1907,  lvii,  338. 

52.  Boulaire:  Compt.  rend.  Soc.  de  biol.,  1906,  lvi,  303. 

53.  Boruttau:  Deutsch.  med.  Wchnschr.,  1911,  No.  43,  p.  1975. 
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siderations  which  should  be  taken  into  account  in  the  use  of  any  of  th 
Winternitz16  recommends  the  use  of  iodipin  in  such  cases  as  bronchial 
asthma,  arteriosclerosis  (luetic  endarteritis)  and  lead-poisoning,  on 
account  of  its  slow  splitting  and  prolonged  excretion,  and  states  that  its 
use  in  special  cases  is  well  founded.  The  same  considerations  also  apply 
to  the  other  members  of  the  iodized  fat  and  fatty  acid  group,  accord 
to  their  relative  rates  of  absorption,  and  excretion.  We  have  less  physio- 
logical grounds,  however,  for  the  giving  of  iodized  prote: 

VI. — CONCLUSIONS 
From  the  evidence  presented  above  as  to  chemical  nature,  absorption 
and  excretion,  distribution,  physiologic  action  and  clinical  results,  we 
may  draw  the  following  conclusions  with  regard  to  the  therapeutic  uses 
of  the  organic  iodin  compounds : 

1.  Up  to  the  present  it  has  not  been  shown  that  the  organic  iodin 
preparations,  with  the  exception  of  preparations  of  thyroid,  have  any 
specific  action  in  pathologic  conditions,  except  the  action  of  iodin  after 
separation  from  the  molecule. 

2.  The  iodized  proteins  seem  to  be  of  advantage  for  therapeutic  use 
only  in  so  far  as  they  avoid  gastric  irritation.  The  more  stable  com- 
pounds are  apparently  not  entirely  split  in  the  body  and  are  therefore 
not  well  utilized,  while  the  less  stable  compounds  have  no  advanta 
over  the  alkaline  iodids,  either  as  to  local  effects,  or  as  to  rapidity  of 
absorption  and  excretion. 

3.  The  iodized  fats  and  fatty  acids  appear  to  have  some  advantage 
when  the  continuous  action  of  small  amounts  of  iodin  is  desired.  They 
are  more  slowly  and  evenly  split,  and  the  amount  of  available  iodin 
in  the  blood  does  qoI  vary  from  time  to  time  to  the  extern  thai  it  does 
when  the  alkaline  iodids  are  administered.  The  use  of  the  iodized  fats 
in  such  condition-  as  arteriosclerosis,  bronchial  asthma,  lead-poisoni 
etc.,  probably  has  Borne  rational  basis,  therefore,  on  physiologic  grounds. 

•  substances  are  also  as  a  rule  non-irritani  to  the  stomach. 

■i.  The  difference  in  frequency  of  iodism  is  probably  due  to  the  differ- 
ence in  the  amount  of  available  iodin  present  in  the  body  at  any  one 
time.  When  large  amount-  of  iodin  are  desired,  as  in  cerebrospinal 
oiding  the  danger  of  iodism  would  be  at  the  sacrifice  of 
therapeutic  efficiency. 

5.  The  use  of  organic  iodid  preparations  with  toxic  side  actions,  due 
to  the  molecule  or  its  splitting  products,  should  of  course  be  discouraged. 
The  products  of  iodm  with  the  higher  fats  and  fatty  acids  are  generally 
free  from  toxic  ad  ions. 
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THE   GLYCYLTRYPTOPHAN    (PEPTID)    SPLITTING  AGENT 
IN    HUMAN    SALIVA* 

FRANK     SMITHIES,    M.D. 

ROCHESTER,    MXNN. 

Eather  more  than  a  year  since,  Warfield1  claimed  the  discovery  of  a 
new  enzyme  in  human  saliva,  "a  substance  -which  has  the  power  to  split 
glycyltryptophan"  (a  dipeptid).  This  hydrolyzing  property  of  saliva 
was  stated  as  being  lost  when  saliva  is  acid  or  when  heated  to  100  C. 
Warfield's  report  bases  his  conclusions  on  the  action  on  glycyltryptophan 
of  twenty-eight  specimens  of  saliva.  Of  this  number,  saliva  was  alkaline 
(where  stated)  in  all  the  positive  reactions  and  acid  in  all  negative 
glycyltryptophan  tests.  The  use  of  tobacco,  observed  in  seven  instances, 
did  not  materially  alter  the  result  so  long  as  the  salivas  remained  alkaline. 

About  six  months  after  Warfield's  communication,  Weinstein,2  in 
writing  of  the  "tryptophan"  test  for  carcinoma  ventriculi,  confirmed 
Warfield's  findings.  Weinstein's  observations  are  indefinitely  stated.  The 
few  experiments  actually  quoted  admit  of  dubious  conclusions  (vide  1  to 
3,  and  A-B) .  In  a  footnote  Weinstein  states  that  his  colleague,  Professor 
Gies,  "although  suggesting  the  probability  of  ereptic  and  tryptic  excretion 
by  the  salivary  glands,  thinks  it  possible  also  that  the  tryptophan  pro- 
ducing enzyme  in  mixed  saliva  is  derived  in  part  from  the  bacteria  in  the 
mouth,  especially  from  cavities  in  carious  teeth." 

Previous  to  Warfield's  report,  ptyalin  (diastase)  had  been  considered 
the  essential  enzyme  in  human  saliva.  Maltase  can  hardly  be  regarded  as 
distinctive.  It  would  seem  that  if  human  saliva  contain  a  proteolytic 
enzyme,  new  problems  in  the  physiology  of  digestion  would  be  presented. 

The  observations  included  in  this  report  were  made  in  the  endeavor 
to  determine  the  existence  of  the  peptid-splitting  agent  in  saliva,  the 
nature  of  this  agent  and  the  conditions  under  which  it  might  be  evidenced. 


*Manuscript  submitted  for  publication  Sept.  9,  1912. 
"'From  the  Division  of  Gastroenterology,  Mayo  Clinic, 

1.  Warfield:  Bull.  Johns  Hopkins  Hosp.,  May,  1911. 

2.  Weinstein:   Jour.  Am.  Med.  Assn.,  1911,  lvii,   1420. 
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AUTHOB'S    STUD'S 

Three  hundred   thirty-four  individuals  furnished  the  specimens  of 
saliva.    They  were  of  both  sexes  and  ranged  in  age  from  18  to  74  y< 
Three  hundred  eighteen  specimens  came  from   patients  who  presented 
themselves  U>r  test-meal  examination  of  gastric  function  at  St.   M 
Hospital  |  Mayo  Clinic).    Sixteen  specimens  came  from  laboratory  assist- 
ants, nurses  and  physicians. 

Collection  of  Saliva. —  In  the  test-meal  cases,  patients  were  fed  the  Ewald 
breakfast.  From  ten  to  twenty  minutes  after  they  bad  eaten  they  were  furnished 
with  large  tesl  tubes,  into  which  they  spat.  The]  were  instructed  to  furnish 
saliva  and  not  nasopharyngeal  accumulations  or  laryngo-bronchial  sputum.  The 
collecting  test-tubes  had  previously  been  boiled  in  distilled  water,  hot  air  dried  and 
plugged  with  sterile  cotton.  Saliva  was  collected  for  from  forty-five  minutes  to 
one  and  one-half  hours  following  the  ingestion  of  the  test  meal.  It  was  kept  at 
room  temperature  in  the  tesl  tubes,  Becurely  plugged,  until  the  various  experi- 
ments to  I"-  mad'-  with  it  were  set  up.  Excepl  in  special  instances  {vidt  infra) 
experiments  wen-  -<t  up  within  four  bours  following  the  collection  of  the  speci 
mens.  The  reaction  of  the  saliva  was  always  ascertained  with  wet  litmus  at- 
the  time  the  test  mixtures  weir  made.  In  each  donor,  the  teeth,  gums,  and  oral, 
nasal  and  pharyngeal  mucosa?  were  inspected. 

Routine  Procedure]  for  Observation  of  tin  Peptid  Eydrolyzing  Property  of 
Saliva. — For  testing  the  cleavage  power  of  the  specimens,  the  dipeptid, 
glycyltryptophan,  was  chosen.  The  preparation  made  under  the  direction  of 
Neubauer  and  Fischer  was  used.  (Manufactured  by  Kalle  &  Co.,  Biebricfa  am 
Rhein,  and  secured  through  Nbyes  Bros.  &  Cutler.  St.  Paul.  Minn.i  This  was 
obtained  in  small  bottles  and  preserved  under  an  ample  layer  of  toluol.  To  guard 
against  the  crystallization  out  of  the  glycyltryptophan  from  solution,  and  the 
consequent  doubtfulness  of  the  results,  the  preparation  was  kepi  in  a  thermostal 
at  37  I  ■ 

The  tests  were,  in  general,  Bel  up  as  follow-.:  Into  each  of  a  series  of  sterile 
test-tubes  (those  measuring  10  cm.  i>.\  l<  mm.  wen  found  to  answer  ivery  well) 
were  poured,  respectively,  0.3  c.c.  of  the  glycyltryptophan  solution,  3  c.c.  of 
saliva  and  0.5  c.c.  of  toluol.  Sterile  pipets  were  used  in  measuring  the  quantities. 
In  each  Beriea  controls  were  -.-t  up  consisting  of  (a)  0.3  c.c.  glycyltryptophan 
solution  +  :s  ce\  Bterile  distilled  water  -f-  0.5  c.c.  toluol;  and  (b)  3  c.c.  Baliva 
-f-  ()."»  c.c.  toluol.  The  tube-  were  inverted  Beveral  times  to  secure  complete  mixture 
of^the  ingredients.  'I  hey  were  then  placed  in  a  thermostal  at  .".7  C,  for  twenty- 
four  hours.  From  each  tube  waa  next  transferred  to  each  of  a  set  of  small  test 
tunes,  -  c.c.  of  the  mixture  below  the  toluol  layer.  To  each  tube  waa  then  added 
0.2  c.c.  of  a  :i  per  cent,  glacial  acetic  acid  in  distilled  water  solution.  The  tubes'* 
were  shaken  vigorously.  Test  for  free  tryptophan  waa  then  made.  Bromin  vapor 
waa  allowed  to  Bow  into  each  test-tube  until  the  glass  above  it-  contents  showed 
strong  amber.  The  tubea  were  next  Bhaken  and  note  made  of  any  color  change 
occurring  in  the   mixture.     The   presence  of  tryptophan   waa  considered   proven 

when  the   liquid   took   on   lilac,   rose-pink,   purpl magenta   hues.     The  coloi 

changes  wen-  observed  by  daylight  against  a  white  background  Milter  paper). 
By  tlii-  procedure,  small  amount-  of  free  amino  acid  (tryptophan)  are  readilj 
detected.  Questionable  reaction-  were  usually  due  to  the  presence  of  very  small 
amounts  of  tryptophan,  dirts  Baliva,  excess  of  bromin  (as  when  bromin  watei 
i-  used  Instead  of  bromin  vapor)   oi   pool   light. 

I.  The  Prt  end  of  Peptid-Splitting  Agent  in  Whole  Saliva,     [n  this 

Beries  of  teste  a  portion  of  saliva  free  from  food  particles,  bl 1  or  oaso 

pharyngeal  mucus  tos  examined  firs!  for  free  tryptophan.    Reference  to 
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Table  1  shows  that  of  334  specimens  of  saliva,  but  three  showed  free 
amino-acid  before  the  dipeptid  glycyltryptophan  had  been  added  or  the 
specimens  had  been  incubated.  All  three  positive  tests  were  returned  by 
dirty  saliva  from  individuals  with  pyorrhea  alveolaris  and  many  decayed 
teeth.  One  individual  had  enlarged  tonsils  with  ragged  crypts  filled  with 
creamy  exudate.  Of  the  three  positive  tryptophan  tests,  two  occurred  in 
very  acid  saliva  and  one  in  neutral  saliva  (case  with  foul  tonsils). 

In  this  same  series  portions  of  the  saliva  (331  specimens)  were  incu- 
bated with  glycyltryptophan  under  toluol  for  twenty-four  hours,  as 
described  above,  and  at  the  end  of  the  incubation  period  were  tested  for 
free  tryptophan.     Table  1  shows  the  results. 

It  will  be  noted  that  irrespective  of  the  reaction  of  the  different 
specimens,  314,  or  94.1  per  cent.,  manifested  some  degree  of  hydrolytie 
power  for  glycyltryptophan.  Twenty,  or  5.9  per  cent.,  were  negative, 
irrespective  of  reaction  of  the  saliva.  We  shall  comment  on  the  signifi- 
cance of  reaction  below.  It,  however,  seems  proper  here  to  call  attention 
to  the  facts  that  of  334  specimens,  148  were  neutral  to  wet  litmus,  and 
that  of  this  number  139  (93.9  per  cent.)  revealed  free  tryptophan  after 
incubation.  Acid  reaction  was  shown  by  163  specimens.  Of  these,  156 
(95.7  per  cent.)  were  capable  of  splitting  glycyltryptophan.  Of  the 
twenty-three  distinctly  alkaline  salivas,  nineteen  (82.6  per  cent.)  showed 
free  tryptophan  after  incubation  with  the  test  dipeptid.  In  view  of  the 
difficulty  in  accurately  determining  shades  of  difference  in  reaction 
between  the  neutral  and  alkaline  salivas  with  litmus,  we  may  fairly  group 
the  results  from  such  specimens;  in  other  words,  of  171  specimens 
(neutral  and  alkaline)  154  (90. -j-  per  cent.)  were  able  to  hydrolyze 
glycyltryptophan  with  resultant  detectable  amounts  of  free  amino-acid. 

Warfield's  tabulation  of  twenty-eight  specimens  of  saliva  shows  that 
in  his  series  thirteen  were  from  individuals  affected  with  some  form  of 
gastro-intestinal  anomaly,  while  the  remainder  were  from  subjects  in 
good  health.  In  twenty-five  specimens  (89.3-4-  per  cent.)  he  obtained 
cleavage  of  glycyltryptophan  (bromin  water  test).  He  states  that  all 
positive  reactions  were  from  individuals  with  alkaline  salivas.  "We  are 
unable  to  account  altogether  for  the  discrepancy  between  his  figures 
and  ours. 
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Neg. 

Trypto- 

Reaction 

No  of 

Posit 

ive  Reactions* 

Reac- 
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Percentage. 

Cases. 
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+  + 

+++ 

tions. 

Test. 

Saliva. 

148 

23 

64 

52 

9 

1 

Neutral 

Pos.   93.9 
Neg.     6.1 

103 

27 

79 

50 

7 

2 

Acid 

Pos.  95.7 
Neg.     4.2 

23 

3 

3 

13 

4 

0 

Alkaline 

Pos.   62.6 
Neg.  17.3  + 

334  53  146  115  20  3 

*Degree  of  reaction:  Lilac  =  + ;  rose-pink  =  +  +;  rose-purple  =  +  +  +  . 
Total  Pos.   (all  degrees)  =  314  or  94  per  cent. 
Total  Neg.   (all  degrees)  =  20  or  5.9+  per  cent. 
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2.  The  Effect  of  Centrifugalization  on  the  Peptid-Splitting  Power  of 
Saliva. — Portions  of  204  salivas  were  centrifugalized  in  a  motor-driven 
centrifuge  for  sixty  minutes.  Two  c.c.  of  the  top  layer  of  each  specimen 
were  mixed  with  glycyltryptophan  and  incubated  under  toluol  for  twenty- 
four  hours.    Table  2  shows  in  detail  the  results. 

Several  interesting  facts  are  brought  out.  It  will  be  observed  that 
irrespective  of  the  reaction  of  the  salivas,  of  the  20-i  specimens,  167  (81.8 
per  cent.)  showed  some  hydrolyzing  power.  This  is  rather  more  than 
12  per  cent,  less  than  was  exhibited  by  non-centrifugalized  salivas  (Table 
1).  Thirty-seven  (18.1  per  cent.)  specimens  were  negative.  Table  2 
also  shows  that  the  degree  of  reaction  is  less  marked  than  where  non- 
centrifugalized  saliva  is  tested.  The  majority  of  the  reactions  were  -f-  or 
-4-  -f-  in  this  series. 

The  relation  of  the  reaction  of  saliva  to  its  peptid-splitting  power  in 
this  series  shows  interesting  variations  from  that  exhibited  in  Table  1. 
Of  the  ninety-two  specimens  noted  as  neutral,  seventy-three  (78  pef 
cent.)  showed  hydrolyzing  power,  while  nineteen  (21  -f-  per  cent.)  did 
not.  Of  106  acid  salivas,  ninety-two  (85.8  per  cent.)  split  glycyltryp- 
tophan and  fifteen  (14.1  -4-  per  cent.)  were  unable  to  do  so.  Of  the  six 
distinctly  alkaline  salivas,  three  (50  per  cent.)  split  the  dipeptid.  Com- 
bining the  results  returned  by  alkaline  and  neutral  saliva?,  we  observe 
that  of  a  total  of  ninety-eight  specimens,  seventy-six  (77.5  per  cent.) 
showed  hydrolytic  power. 

In  this  series  of  20!  ns,  only  one  (acid  in  reaction)   gave  a 

positive  tryptophan  test  before  incubation.    This  saliva  came  from  a  very 
foul  mouth  and  contained  macroscopic  blood  and  much  cellular  detritus. 

3.  Consideration  of  Relation  of  Reaction  of  Saliva  to  its  Peptid- 
Splitting  Power. — It  is  commonly  stated  thai  the  reaction  of  saliva  is 
alkaline  or  neutral  to  litmus.  Usin,ur  litmus  paper  moistened  in  sterilized 
distilled  water,  we  have  found  it  extremely  difficull  to  determine  the 
finer  variation.-  in   reaction  between   weakly  alkaline  and   neutral  saliva-. 

Consequent Iv  only  when  there  was  blue  coloration  of  teal  paper  in  the 
mation  of  at  least  two  observers  have  we  called  salivas  alkaline.    Table 
1  shows  that  of  334  of  whole  saliva,  r.  l  (51.1  percent.)  v, 

neutral  or  alkaline     Of  these   154   (90.  |    per  cent.)   BplH  glycyltryp- 
tophan.   One  hundred  sixty-three  (  18.9  per  cent.)  were  distinctly  acid 

to  wet  litmus.     Of  these,    156    (95.1    per  cent.)    were   hydrolytic   for  the 

test  dipeptid. 

The  number  of  acid  salivas  was  surprisingly  large  in  view  of  texi  hook 
analyses.  We  Buggesl  that  this  high  proportion  of  acid  reactions  may  be 
due  to  the  conditions  of  the  oral  cavities  of  the  donoi  Hiany  of  oui 
patients  were  adult  or  aged  peasantry  from  the  northwesl  United  States 
and  Canada.     There  wa-  a  considerable  percentage  of  individuals  of 
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European  extraction.  In  many,  teeth,  gums  and  nasopharyngeal 
anomalies  had  been  entirely  neglected.  Decayed  teeth,  pyorrhea  areo- 
laris, soggy,  oozing  tonsils  and  foul  nasal  and  pharyngeal  mucosa  were 
common  (vide  infra) .  It  is  also  to  be  emphasized  that  many  salivas  came 
from  individuals  in  poor  health  (carcinoma  or  ulcus  ventriculi,  ulcus 
duodeni,  cachexia  from  liver,  gall-tract  or  gastric  secretory  malfunction, 
and  the  like).  We  have  not  been  able  to  find  in  the  literature  a  satis- 
factory discussion  of  the  influence  of  disease  on  reaction  or  chemical 
properties  of  saliva.  The  observation  we  present  is  certainly  interesting 
and  perhaps  not  altogether  unimportant.  Of  twenty  salivas  from  healthy 
young  adults  seventeen  (85  per  cent.)  were  neutral  in  reaction.  The 
time  following  the  ingestion  of  food  in  the  test-meal  cases  during  which 
saliva  was  collected  may  also  have  some  bearing  on  its  reaction. 

TABLE  2. — The  Peptid-Splitting  Power  of  Centrieugalized  Saliva 
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— 

Neg.  50 

204 

85 

61 

21 

37 
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*Degree  of  reaction:  Lilac  =  + ;  rose-pink  =  +  +  ;  rose-purple  =  +  ++. 
Total  Pos.   (all  degrees)  =  167  or  81.8+  per  cent. 
Total  Neg.  (all  degrees)  =  37  or  18.1+  per  cent. 

4.  Consideration  of  Oral  Conditions  on  the  Peptid- Splitting  Power 
of  Saliva. —  (a)  Teeth:  Notes  were  made  relative  to  the  condition  of  the 
donor's  teeth  at  the  time  that  saliva  was  received  from  him.  The  classi- 
fication in  Table  3  needs  little  explanation.  In  practically  all  instances 
in  which  teeth  were  called  "poor"  or  "very  poor,"  there  was  pyorrhea  in 
addition  to  dirty,  decaying  teeth.  Some  teeth  classed  as  "good"  or  "fair" 
also  showed  pyorrhea.  In  these  and  other  instances  frequently  diseased 
tonsils  or  foul  nasopharyngeal  discharge  were  not  lacking. 

The  interesting  features  of  Table  3  are  the  following:  Of  the  334 
salivas  tested,  approximately  but  one-fourth  of  the  number  came  from 
subjects  with  good  teeth,  while  more  than  one-half  of  the  specimens  were 
received  from  individuals  with  inferior  and  dirty  teeth.  From  the  latter 
class  we  never  received  a  saliva  incapable  of  splitting  glycyltryptophan, 
while  from  12.5  per  cent,  of  salivas  from  the  good  teeth  class,  the  cleavage 
property  of  saliva  for  the  dipeptid  was  not  demonstrated.  The  differences 
in  degree  of  reaction  are  striking.  In  the  good  teeth  class,  the  majority 
of  the  reactions  are  in  grades  -f-  or  -j — [-,  while  in  the  very  poor  teeth 
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groups  the  preponderance  oi  the  reactions  fall  in  grades  -| — j-  and 
-) — | — }-.  Twenty-sis  (7.5  per  cent.)  of  the  salivas  in  our  series  came 
from  individuals  with  artificial  teeth.  Of  this  number  15.+  per  cent,  of 
the  salivas  did  not  split  glycyltryptophan.  '1  nor  were  from  clean  mouths 
in  throe  instances  and  from  a  dirty  mouth  in  a  fourth.  In  this  group 
(artificial  teeth),  thirteen  (50  peT  cent.)  of  the  salivas  Bhowed  very 
strong  cleavage  power.  In  the  majority  of  these,  both  artificial  teeth  and 
patients'  mouths  were  very  dirty. 

TABLE  3  —The  Relation  oi    i  m   Condition  of  the  Teeth  to  Pepi  ro-Sn  n  riNG 

Powi  B  oi    Sm  l\  \ 

Xo.  of  rr    ..      „.  Reaction* 

„  loetli — State  n  .  ,  _•_  j__i__i_ 

Specimens.  0  +  ++  +  +  + 

84  Good     10  35  -27  12 

50  Fair    6  13  17  14 

88  Poor     0  IS  28  4J 

86  Very  poor   0  21  is  47 

26  Artificial   4  4  5  13 

Degree  of  reaction:  Lilac  =  -+■;  rose-pink  =  ++;  rose-purple  =  +++■ 

(h)  Gums:  Of  334  individuals,  20]  (60.+ per  cent.)  Bhowed  erosions 
at  the  teeth-gum  margins,  or  definite  pyorrhea  alveolaris.  Of  this 
number,  the  saliva  was  acid  in  L49  instances  (71.1  per  cent.).  These 
specimens  splil  glycyltryptopharj  in  189  instances  (94.3  percent.). 

(c)  Tonsils  and  Nasopharynx:  Salivas  were  collected  from  L92 
persons  in  which  these  part-  were  inspected.  In  fifty-three  instances 
(27.5  per  cent.)  there  was  evidence  of  tonsillar  disease  (enlargements, 
crypts,  exudate,  erosion).  In  thirty-eight  instances  (19.*3  per  rout.) 
there  were  evidences  of  nasopharyngeal  inflammation.  In  Bis  instances 
( :!.l  per  cent.)  there  wore  nice  rat  ive  conditions  of  the  oral  mucosa,  apart 
from  adenoid  hypertrophy  <»r  pyorrhea. 

of  the  192  individuals  whose  tonsils,  oral  mucosa,  etc.,  were  exam- 
ined, seventy-three  (38.      per  font.)  revealed  some  abnormality.    Of  this 
number  forty-two  (57.5  per  cent.)  had  arid  salivas  and  thirty-one  (  I'-'.' 
per  cent.)  of  these  salivas  splil   glycyltryptophan  after   incubation   for1 
twenty-four  hours  at  31  C. 

(d)  The  Use  of  Tobacco:  Of  the  334  specimens  of  saliva  examined 
209  came  from  males.  In  L40  instances  data  were  obtained  regarding 
the  use  of  tobacco.  Seventy-eighl  smoked  or  chewed  tobacco,  or  both. 
Three  of  these  al  3aliva  from  these  Beventy-eighl  individ- 
uals split  glycyltryptophan  in  Bixty-nine  instant  :  percent.),  irre- 

tive  of  its  reaction  to  litmus.     Twenty-five  donors  chewed  tobacco, 
bul  did  not  Bmoke  regularly.     Eleven  of  these  had  acid  salivas.    Twenty- 
two  "chewers"  donated  salivas  which  splil   glycyltryptophan   in   fifti 
instai  i  at.). 
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(e)  The  Effect  of  Mouth-Washes:  A  water  solution  of  alphozone  of 
0.4  per  cent,  strength  was  used  vigorously  as  a  mouth-  and  teeth-wash  in 
fifty-two  instances.  The  subjects  were  directed  to  hold  the  solution  in 
their  mouths  for  several  minutes,  to  force  it  back  and  forth  between  their 
teeth  and  about  the  alveolar  spaces,  and  to  gargle  a  portion.  The  mouth 
was  then  rinsed  with  warm  normal  salt  solution.  Saliva  was  then 
collected  for  forty-five  minutes.  From  the  fifty-two  donors  saliva  was 
alkaline  or  neutral  in  thirty-eight  instances  (73  per  cent.)  and  acid  in 
fourteen  instances  (26.9  per  cent.).  From  this  group  of  fifty-two  speci- 
mens, cleavage  of  glycyltryptophan  occurred  but  seventeen  times  (32.7 
per  cent.).  With  respect  to  degree  of  cleavage,  the  reaction  was  in  no 
instance  beyond  -j-  -(-. 

The  results  obtained  after  the  use  of  the  strong  alphozone  solution  as 
a  mouth-wash  led  us  to  test  the  effects  of  it  and  like  solutions  on  saliva 
directly,  and  to  experiment  with  mouth  and  throat  cultures  of  bacteria. 

5.  Consideration  of  the  Effect  of  Temperature  on  the  Peptid- 
Splitting  Power  of  Saliva. — Boiling:  A  portion  of  saliva  from  each  of 
302  specimens  combining  all  reactions  was  immersed  in  a  plugged  sterile 
test-tube  in  water  and  kept  boiling  for  thirty  minutes,  glycyltryptophan 
solution  was  added  after  the  saliva  had  been  cooled,  and  the  mixture  was 
then  placed  under  toluol  in  the  thermostat  for  twenty-four  hours.  Test 
for  tryptophan  was  then  made  in  the  usual  manner.  In  none  of  the 
boiled  specimens  could  free  amino-acid  be  detected. 

(  Room  Temperature :  Portions  of  160  specimens  of  saliva  were  mixed 
with  glycyltryptophan  and  left  under  toluol  for  from  twelve  to  120  hours, 
at  room  temperature  (about  75  to  80  F.).   Table  4  summarizes  the  result. 

TABLE  4. — Tin:  Cleavage  Power  of  Saliva  at  Room  Temperature 

No.  of  jSTo.  of  Specimens 

Sped-           Reaction.  -(-Reaction    (Cleavage)    after  Hours:  Showing 

mens.  12       24       30       48       72       96       120  No  Cleavage. 

66     Acid   3         7       29       16         5         4         0  2 

82  Neutral  0   30   20    7    9    0    0  4 

12  Alkaline  2    8    0    1    0    0    0  1 

100  11   45   55   24   14    4    0       7 

Briefly,  it  is  seen  that  irrespective  of  the  reaction  of  saliva,  cleavage 
of  the  dipeptid  occurs  in  the  majority  of  instances  between  twenty-four 
and  thirty-six  hours  after  admixture;  that  in  a  few  instances  cleavage 
may  have  taken  place  within  twelve  hours  or  may  be  delayed  ninety-six 
hours,  or  no  free  amino-acid  may  be  detected  at  the  end  of  120  hours 
(seven  instances)  ;  that  neutral  and  alkaline  salivas  split  glycyltryp- 
tophan somewhat  more  rapidly  than  do  acid  salivas  at  room  temperature. 
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Ice-Box  Temperature:  Thirty-five  specimens  of  whole  saliva  of  the 
several  reactions  were  mixed  with  glycyltryptophan  under  toluol  and  kept 
on  ice.  Portions  tested  within  twenty-four  to  522  hours  showed  in  no 
instance  hydrolyzation  of  the  dipeptid.  Of  these  thirty-five  specimens, 
after  being  on  ice  over  522  hours,  twenty-nine  were  placed  in  the  ther- 
mostat at  o7  C,  and  twenty-six  showed  free  tryptophan  after  eighteen 
hours. 

Graded  Temperatures:  Specimens  of  saliva  were  variously  heated  in 
plugged  sterile  test-tubes,  cooled  in  running  water,  combined  with  glycyl- 
tryptophan  solution  and  placed  in  a  thermostat  under  toluol  for  twenty- 
four  hours.  This  mixture,  acidulated,  was  then  tested  for  free  amino- 
acid.    Table  5  shows  the  results. 

TABLE  5. — The  Imi.h  \<  i:  of  Graded  Temperatures  ox  the  Peptid-Splittixg 

Power  of  Saliva 


No.  of       Reaction 
Speci- 
mens 


M-,lluu  Reactions  at  Temperature: 

Saliva      20  C-  30  c-  40  C-  45  C-  50  C-  55  C-  60  C-  65  C<  70  C"  75  C'  S0  C-  90  C'  10°  C' 

28  Acid 25       22       26       23       23       21       22       14         S         1         0         0         0 

34  Neutral..    33       31       29       30       26       26       24       22       21  3         0         0         0 

9  .Alkaline.       90         87         0         75550000 

71  67       62       63       60       55       54       51       41       34         4         0         0         0 

It  is  seen  that,  irrespective  of  the  reaction  of  the  saliva,  of  seventy- 
one  specimens  examined,  there  is  uniform  cleavage  up  to  60  C.  Between 
60  and  75  C,  there  is  rapid  diminution  in  peptid-splitting  power,  varying 
with  reaction  somewhat  (neutral  saliva  being  most  resistant  to  increased 
heat).  We  never  had  any  specimen  show  cleavage  of  glycyltryptophan 
after  it  had  been  heated  above  75  C.  The  variations  in  splitting  power 
of  the  specimens  with  different  reactions  would  appear  to  be  somewhat 
dependent  on  such  reaction,  although  there  may  be  other  factors  (thick, 
clumpy,  or  dirty  saliva). 

6.  Effect  of  Chemical  Solutions  on  the  Peptid-Splitting  Power  of 
8aliva:  Tn  these  experiments  the  following  solutions  were  used: 

i.  Phenol  (carbolic  acid)  in  water,  2  per  cent. 
2.  Bicblorid  of  mercury  in  water,  1  per  cent. 
:;.  Alphozone  in   water,  0  I    per  cent.,  0.2  per  rent..  0.3  pej  cent., 
0.4  per  cent. 

4.  Antiforxnin  (commercial  solution). 

5.  Absolute  alcohol. 

6.  v-'-t  ic  acid,  glacial. 

7.  <  hloroform. 

erric  chloi  id  solution,  6  per  cent. 

Procedure.-  -After  specimens  of  saliva  had  been  tested  for  freeamino- 
acid  and  found  negative,  eqnal  portions  were  respectively  combined  with 
glycyltryptophan  Bolntion  plus  i  c.c.  of  the  solution  of  the  chemical  com 
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bination  under  consideration.  Controls  of  portions  of  saliva  without 
glycyltryptophan  solution  and  also  of  the  glycyltryptophan  solution  itself 
were  set  up.  The  tubes  were  then  incubated  under  toluol  for  twenty-four 
hours,  when  they  were  made  acid  (if  not  already  acid)  with  3  per  cent, 
acetic  acid  solution  and  tested  for  free  tryptophan  in  the  usual  manner. 
Table  6  shows  the  experiments  and  results  in  detail. 


TABLE   6, 


-The  Influence  of  Chemical  Action  on  Peptid-Splitting  Power 
of  Saliva 


«-.    so       NO.  Of 

.  "C     Speci- 
ft  $      mens 

1 
o 

3 
4 


Combination 
Tested 


O    > 


X 


25     2%    phenol    +    saliva 

and  glycyltryptophan     0 

25  1%  mercuric  chlorid 
4-  saliva  4-  glycyl- 
tryptophan          0 

25     Antiformin    4-    saliva 

+     glycyltryptophan     0 

25  Glacial  acetic  acid  + 
saliva  +  glycyltryp- 
tophan         0 

25     Chloroform    4-    saliva 

4-     glycyltryptophan     0 

25  5%  ferric  chlorid  4- 
saliva  4-  glycyltryp- 
tophan          3 

80  Absolute  alcohol  4- 
saliva  4-  glycyltryp- 
tophan          0 

50     0.1%     alphozone     + 
saliva  4-  glycyltryp- 
tophan      32 

50  0.2%  alphozone  4- 
saliva  4-  glycyltryp- 
tophan      24 

50  0.3%  alphozone  4- 
saliva  4-  glycyltryp- 
tophan       11 

50  0.4%  alphozone  + 
saliva  4-  glycyltryp- 
tophan         0 


SO 
18 
26 
39 
50 


Controls 


Glycyltryp-  Glycyltryp-  s  u 

tophan  tophan  ^ , 

,    £  t  V  alone 

4-  bahva  alone 


Pos. 

Xef. 

Pos. 

Xeg. 

Pos. 

Ne 

23 

2 

0 

25 

0 

25 

25 

0 

0 

25 

0 

25 

21 

4 

0 

25 

0 

25 

23 

2 

0 

25 

1 

24 

24 

1 

0 

25 

0 

25 

24 

1 

0 

25 

0 

25 

74 

6 

0 

80 

0 

80 

46 

4 

0 

50 

0 

50 

46 

4 

0 

50 

0 

50 

46 

4 

0 

50 

0 

50 

46 

4 

0 

50 

0 

50 

It  will  be  observed  that  solutions  of  2  per  cent,  phenol,  1  per  cent. 
HgCL,  antiformin,  glacial  acetic  acid,  chloroform  and  absolute  alcohol 
and  0.4  per  cent,  alphozone  absolutely  inhibit  the  peptid-splitting  agent 
in  human  saliva.  A  5  per  cent,  solution  of  ferric  chlorid  prevented 
cleavage  in  88  per  cent,  of  specimens. 

Brief  attention  may  be  called  to  the  action  of  the  alphozone  solutions. 
After  we  had  conducted  the  experiments  on  salivas  from  individuals  who 
had  used  alphozone  solution  as  a  mouth-wash,  we  carried  out  a  few  tests 
(not  included  in  the  series  of  Table  6)  in  which  we  used  a  0.1  per  cent, 
solution  of  alphozone  combined  with  saliva.     \Ve  found  that  several  of 
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the  thick  tenacious  or  dirty  salivas  retained  lt<  •«  ><1  cleavage  power  for 
glycyltryptophan  even  after  bo  powerful  an  organic  peroxid  as  alphozi 
had  been  added.  When  the  experiments  for  Table  <i  were  Bet  up,  various 
strengths  of  alphozone  were  added  in  the  attempt  to  discover  the  limit 
at  which  cleavage  of  the  dipeptid  was  possible  with  this  admixture.  It 
en  by  Table  G  that  only  solutions  bo  powerful  as  0.4  per  cent,  alpho- 
zone uniformly  inhibit  the  peptid-splitting  power  of  whole  saliva  and 
that  diminution  in  strength  of  solution  results  in  proportionate  inert  - 
in  the  number  of  salivas  which  retain  that  power. 

With  exception  of  the  alphozone  and  chloroform  additions  to  saliva- 
glycy] tryptophan  mixtures  in  our  series  there  were  always  various  grades 
of  precipitation  in  the  combination-  when  the  numerous  test  solutions 
were  added.  It  would  seem  that  this  fad  might  seriously  interfere  with 
the  action  of  the  peptid  cleaving  agent  in  saliva,  if  that  agent  be  an 
enzyme.  Precipitation  may  not.  however,  be  the  only  factor.  Chloro- 
form and  alphozone  admixtures  produce  no  marked  precipitation  in 
saliva-glycyltryptophan  solutions.  Chloroform  absolutely  inhibited  cleav- 
age in  our  experiments.  Alphozone  solutions  only  inhibited  cleavage  of 
the  dipeptid  above  0.3  per  cent,  strength.  In  addition  to  the  question  of 
increase  in  alkalinity  in  alphozone-saliva  mixtures,  as  the  percentage  of 
alphozone  increases  in  such  solutions  one  must  also  consider  the  impor- 
tance of  alphozone  as  a  germicide,  [nasmuch  as  in  our  experiments 
alphozone  was  the  only  chemical  agenl  added  to  saliva,  which  did  not 
cause  precipitation  of  protein,  and  yet  did  not  invariably  inhibit  cleavage, 

its  results  only  can  be  used  to  indicate  a  lii f  demarcation  respecting 

a  factor,  at  Least,  in  explanation  of  how  saliva  splits  glycyltryptophan. 
It  is  well  known  that  chemicals  that  precipitate  protein  in  enzyme- 
containing  solutions,  also  inhibit  the  ferment  action  of  those  solution-, 
inhibition  of  the  peptid-splitting  agent  in  saliva  by  such  chemical  solu- 
tions as  phenol,  mercuric  chlorid,  antiformin,  alcohol  and  the  like.  Leaves 
us  :n  doubt  as  to  whether  or  not  such  agenl  was  rendered  inert  by  pre- 
cipitation of  an  enzyme  with  protein  in  saliva  or  cleavage  power  was  Lost 
by  bactericidal  action  of  these  strong  germicides,  or  both.  Ferric  chlorid 
solutions  which  precipitate  protein  in  saliva  are  not  very  strongly  germi- 
cidal, apart  from  mechanical  action.  In  88  per  cent,  of  specimens 
cleavage  of  glycyltryptophan  was  inhibited  by  5  per  cent,  ferric  chlorid 
solution. 

;.  Effect  of  Bacteria  on  Cleavage  of  Glycyltryptophan: 

I.    Saliva  +  Bacteria.     (  ulturee  from  twenty  seven   ipecimena  of  -;iii\:i  were 

made  in  (a)  bouillQn,  on  (b)  nutrient  agar  and  on   (c)  blood-serum-agar.    Thesi 

allowed  to  remain  three  days  in  1 1 « •  -  water  bath  at  37  <       tn  reaction  the 

from  uliieh  cultures  were  made  wen   alkaline,  three;  neutral,  fifteen,  and 

acid,  9, 

Table  7  gives  details  regarding  salivas,  organisms  returned  by  cultures  et<  Si 
the  end  of  the  incubation  period,  experiments  were  set  up  as  follows: 


TABLE  7.— Effect 

Series  Patient's  Reaction      r,-     . , 
Xo.     Number  of  Saliva 

1         47285       Alkaline         Good 


2  6721S  Alkaline  Good 

3  67232  Alkaline  False 

4  66886  Xentral  False 

5  9596  Neutral  Good 

6  67244  Neutral  Fair 

7  67292  Neutral  Good 

8  67285  Neutral  Poor 

9  67328  Neutral  Good 

10  67352  Neutral  Good 

11  6733S  Neutral  Fair 

12  67368  Neutral  Good 

13  67336  Neutral  Good 

14  67342  Neutral  Fair 

15  67313  Neutral  Good 

16  28954  Neutral  Poor 

17  67404  Neutral  Fair 
IS  67365  Neutral  Good 
1!>  67206  Acid  Poor 

20  67213  Acid  Good 


of  Bacteria  ox  Cleavage  of  Glycyltryptofhax 

Results 

Series  a       Series  b 

Pos.    Neg.  Pos.    Neg. 

+         00         + 


Organisms  in 
Cultures 


21 

51204 

Acid 

Faii- 

22 

67295 

Acid 

Fair 

23 

57318 

Acid 

Poor 

24 

67332 

Acid 

Very 

Poor 

25 

6720S 

Acid 

Good 

26 

67431 

Acid 

Good 

27 

67371 

Acid 

False 

Streptococci,  staphy- 
locci  diplococci, 

short     bacilli. 

Cocci,      lance-shaped 
bacilli. 

Cocci,  diplococci.  spi- 
rilla. 

Diplococci.  strepto- 
cocci, short  rods. 

Cocci  and  short  bacilli 

Cocci,  rods  and  spi- 
rillar 

Staphylococci  and 

streptococci.      lance- 
shaped  bacilli. 

Cercomonas  in  fresh 
specimen,  cocci,  spi- 
rillar and  rods. 

Diplobacilli.  diplo- 
cocci,  staphylococci. 

Streptococci  and 

staphylococci,    f  e  \v 
bacilli. 

Micrococcus,  strepto- 
cocci, staphylococci. 

Cocci,  lance  -  shaped 
bacilli. 

Short  rods,  cocci,  spi- 
rilla?. 

Cocci,  diplobacilli. 
leptothrix. 

Micrococci.  strepto- 
cocci, staphylococci, 
short  bacilli. 

Spirilla?      in      fresh 
bacilli.        diplococci. 
and   streptococci. 

Bacilli  and  cocci 

Staphylococci,  diplo- 
bacilli. 

Diplococcus.  strepto- 
and  staphylococci, 
bacilli. 

Streptococci,  staphy- 
lococci, lance-shaped 
rods. 

Micrococci.  strepto- 
cocci, rods. 

Staphylococci,  strep- 
tococci, diplobacilli 

Streptococci,  staphy- 
lococci, bacilli,  spi- 
rilla1. 

Staphylococci,     strep 
tococci,  short  bacilli, 
diplococci.      1  e  p  t  o- 
thrix. 

Cocci,  diplobacilli. 

Cocci,   diplobacilli 

(  occi,  short  and  long 
rods. 


0  +         0  + 

+  +00  + 

+  00  + 


Tr 


Remarks 


Adenoids. 


Tr 
Tr 

0 
1) 

0 
0 

+ 

+ 

Pyorrhea. 

+ 

0 

0 

+ 

Diseased     ton- 
sils. 

+-+ 

0 

0 

+ 

Pyorrhea    +  + 

ii 

+ 

1) 

+ 

Pyorrhea. 

+ 

0 

(1 

+ 

+ 

0 

0 

+ 

Dirty  teeth. 

? 

0 

0 

+ 

+ 

0 

0 

+ 

Pyorrhea + 

Tr 

0 

0 

+ 

Large  tonsils. 

+ 

0 

0 

+ 

•  + 

0 

0 

+ 

Many     carious 
teeth. 

+ 
Tr 

0 
0 

0 
0 

+ 
+ 

Several       cavi- 
ties, pyorrhea. 

+  + 

0 

0 

+ 

Cavities   in 
teeth. 

+ 

0 

0 

+ 

+ 

0 

0 

+ 

f+ 

0 

0 

+ 

Carious    teeth. 

+ 

0 

0 

+ 

Many    stump*, 
and  teeth  with 
cavities. 

Tr 
Tr 

0 

ft 

0 

+ 

f) 

0 
0 

+ 
+ 
+ 
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Portion?  of  saliva?  collected  during  the  three  days  that  the  cultures  were 
growing  and  which  had  been  shown  to  be  capable  of  splitting  glycylti -yptophan. 
were  heated  at  100  C.  in  a  water  bath  for  one  hour.  The  specimens  were  then 
cooled  in  running  water  and  made  neutral  with  X/10  sodium  carbonate.  Two 
series  were  then  made  from  the  specimen,  (a)  Saliva  +  glycyltryptophan  solu- 
tion -f  emulsions  of  bacteria  from  eacb  set  of  cultures  from  saliva,  iln  Saliva 
+  glycyltryptophan  -f  toluol.     |  I  The  sets  were  then  thoroughly  mixed 

and  incubated  forty  hours  at   37   C.     Portions  of  mixtures  were  then  acidulated 
and  tested  in  the  usual  way  for  free  tryptophan.     Table  7  shows  the  results. 

It  is  seen  that  twenty-three  out  of  t\  en  saliva.-  which  had 

been  rendered  incapable  of  splitting  glycyltryptophan  by  heating  to  100 
C.  are  capable  of  showing  some  evidences  of  cleavage  power  after  being 
mixed  with  bacteria  grown  from  specimens  of  saliva.  In  none  of  the 
controls  was  cleavage  power  exhibited.  In  sixteen  out  of  the  twenty- 
seven  sets,  free  tryptophan- was  readily  recognized  on  the  addition  of 
bromin  vapor.  In  seven  instances  there  was  but  a  trace  of  free  trypto- 
phan. In  one  instance  the  result  was  questionable.  In  three  experimj 
(11.1  -J-  per  cent.)  no  free  tryptophan  could  be  detected.  The  reaction 
of  salivas  from  which  cultures  were  made  appeared  to  have  no  great 
bearing  on  the  results.  Very  rich  flora  in  such  salivas  appeared  to 
determine  largely  the  degree  of  reaction.     Rich  flora  were  frequently 

sent  from  salivas  whose  donors  had  very  poor  teeth  or  marked  pyor- 
rhea, but  this  was  not  constant.  Nasopharyngeal  conditions  appeared  to 
have  bearing  on  quantity  and  variety  of  bacteria  present  in  salivas. 

E  ci  opt  as  in  Table  7,  we  have  made  no  attempt  to  determine  the  exaci 

inisms  appealing  to  have  some  influence  on  cleavage  of  glycyltryp- 
tophan, apart  from  noting  the  groups  returned  by  cultures  from  each  of 

amined.  It  would  seem  from  the 
considerations  of  these  groups  thai  symbiosis  of  the  organisms  appeared 
to  be  responsible  for  certain  ereptic  power  on  glycyltryptophan. 

/;.  Direct  Effect  of  <  teria  from  Saliva  Upon  Glycyltryptophan. — 

Transplants  from  the  cultured  from  the  twenty-seven  specimens  of  saliva  men- 
Honed  above  made  on  fifty-four  tubes  of  nutrient  agar.  These  were 
incul  37  C.  for  forty-eighl  hours.  Growths  resulted  in  all  instances,  the 
ig  streptococci,  staphylococci,  micrococci,  bacilli  of  varying  lengths, 
diplococci  and  a  few  leptothrix. 

To  one-half    (twenty-seven)   of  the  tubes  was  then  added  0.5  [tryp- 

tophan solution  in  ">  c.c.  warm  normal  Ball  solution.    To  the  remaining  tu 
norma]   saline  solution  alone  were  added.     The  tubes  were  incubated  thirh 
hours.    At  the  end  of  incubation,  the  fluid  from  each  tube  was  drawn  off  and  after 
acidulation  each  specimen  was  tested  for  free  tryptophan  by  bromin  vapor.    Table 
7  gives  details  regarding  the  organisms. 

Re,  ult.     I  □  none  of  the  fluids  from  culture  lube-  to  which  normal  salt 

solution  alone  had  been  added  was  free  tryptophan  shown.    Twenty-one 

(77.7-f  per  cent.)  of  the  twenty-seven  fluids  from  cultures  where  the 

-alt  solution  had  been  added  Bhowed  free  tryptophan. 

The  color  changes  ranged  from  pale  lilac  to  rich  rose  pink. 
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SUMMARY 


From  the  work  outlined  in  this  report  the  following  seems  apparent : 

1.  Eeaction  appears  to  have  little  bearing  on  power  of  saliva  to  split 
gly  cyltry  ptophan . 

2.  Free  tryptophan  is  occasionally  met  with  in  salivas  from  dirty  or 
infected  oral  cavities. 

3.  Centrifugalization  of  saliva  lessens  its  power  to  cleave  glycyltryp- 
tophan.    This  is  rather  more  marked  in  alkaline  or  neutral  salivas. 

4.  Conditions  of  health  and  state  of  oral  cavities  of  donors  seem  to 
affect  reaction  of  saliva,  with  some  apparent  influence  on  the  peptid 
hydrolyzing  power  of  such  saliva. 

5.  Power  to  hydrolyze  glycyltryptophan  is  lost  when  saliva  is  heated 
above  75  C.  The  optimum  temperature  for  cleavage  is  about  37  C.  At 
ice-box  temperature  cleavage  is  not  carried  on,  but  specimens  kept  at 
such  temperature  for  as  long  as  522  hours,  may  hydrolyze  the  dipeptid 
when  incubated  subsequently  at  37  C.  At  room  temperature,  cleavage  is 
delayed,  but  is  nevertheless  carried  on,  apparently  irrespective  of  the 
reaction  of  saliva. 

6.  The  chewing  of  tobacco  seems  to  lessen  the  power  of  certain  salivas 
to  hydrolyze  glycyltryptophan.  Smoking  of  tobacco  appears  to  have  little 
effect. 

7.  The  use  of  strong  mouth- washes  (e.  g.,  an  organic  peroxid,  as 
alph ozone)  results  in  marked  diminution  of  peptid-splitting  power  of 
certain  salivas. 

8.  Strong  chemical  action  on  saliva,  particularly  when  the  addition 
of  such  chemicals  causes  precipitation  of  protein,  inhibits  its  glycyltryp- 
tophan splitting  power.  Many  such  chemical  solutions  tested  in  this 
report  were  germicides. 

Non-protein  precipitating  germicides  (as  the  organic  peroxid  group) 
inhibit  the  peptid-splitting  power  of  saliva  roughly  in  direct  proportion 
to  strength  of  such  solutions. 

9.  Cultures  of  bacteria  grown  from  salivas,  may,  after  salivas  have 
lost  their  power  to  split  glycyltryptophan  (by  heating  to  100  C.)  cause 
such  salivas  to  split  that  dipeptid  by  admixture  with  salivas  and  sub- 
sequent incubation. 

10.  Solutions  of  glycyltryptophan  added  directly  to  cultures  of 
bacteria  grown  from  saliva  are  readily  split  with  liberation  of  free 
tryptophan. 

11.  The  indefinite  nature  of  any  enzyme  renders  its  actual  demonstra- 
tion difficult.  While  the  agent  in  saliva  causing  cleavage  of  the  dipeptid 
glycyltryptophan  has  certain  characteristics  of  an  enzyme,  it  would  seem 
that  a  not  inconsiderable  factor  in  such  cleavage  power  is  the  action  of 
normal  or  pathologic  oral  microorganisms,  or  products  of  their  growth. 


A     CONTRIBUTION     TO    THE     SYMPTOMATOLOGY     OF 
THROMBOPHLEBITIS    IN    TYPHOID* 

LEWIS  A.  t  ONNER,  M.D. 
\  l  \\    YORK 

Everyone  who  sees  any  considerable  number  of  typhoid  fever  cases 
,  year  alter  year  must  have  been  struck  with  the  fact  that,  while  most  of 
these  run  a  fairly  typical  and  uneventful  course,  there  is  a  very  consider- 
able group  o  -  -  in  which  the  latter  part  of  the  course,  or  the  period 
of  convalescence,  is  marked  by  a  number  of  obscure  ami  apparently 
unrelated  symptoms  and  complications.    1 1'  one  takes  the  trouble  to  read 

■  a  Large  number  of  case  histories  and  charts  of  typhoid  this 
brought  out  even  more  clearly  and  forcibly:  for  many  of  these  incidents 
arc  so  transient  ami  apparently  insignificant  that  they  fail  to  make  much 
impression  ami  are  readily  forgotten. 

These  symptoms  include  various  forms  of  irregular  febrile  movement; 
sudden  pulmonary  and  pleural  symptoms;  sudden  ami  unaccountable 
abdominal  symptoms;  repeated  chills,  without  obvious  cause;  pain,  dis- 
comfort and  stiffness  in  the  legs  or  arms;  pain  in  the  heel:  tenderness  of 
the  toes.  etc.  In  some,  but  by  no  means  in  all.  of  these  cases,  frank  Bigns 
of  thrombophlebitis1  appeal-  at  some  time  in  the  course  of  the  illness. 

h  is  my  purpose  in  the  present  paper  to  attempt  to  show  thai  many 
or  most  of  these  obscure  late  interruptions  of  the  normal  cdurse  of 
typhoid  have  a  common  underlying  cause  and  that  tins  cause  is  tbrombo- 
phlebitis. 

Before  considering  the  individual  symptoms  it  will  be  necessary  to 
call-attention  to  certain  fact-  concerning  phlebitis  itself  as  it  i>  seen  in 

typhoid   fever. 

Thrombophlebitis  probably  a  much  more  frequent  complication  limn 
is  commonly  supposed:  In  most  writings  on  the  subject  the  incidence 
of  tins  com  plication  of  typhoid  is  placed  at  about  2  percent.  In  829  cases 
Btudied  by  Osier8  the  percentage  was  1.9.    In  Thayer's  analysis1  of  1,463 


'Manuscript  nibmitted  for  publication  Aug.  -*>.  lorj. 

Prom  Hi'-  Medical  Service  of  the  N«-«  York  Hosiptal. 

i.  in  the  present  article  the  terms  thrombosis  and  phlebitis  are  used  inter- 
changably  and  without  distinction  to  denote  the  whole  process  included  in  Hie 
Ii'iijmt  term  thrombophlebitis,  and  ""  attempt  is  made  to  settle  'lie  ^till  uncertain 
and  much  discussed  question  as  to  whether  the  formation  ol  the  thrombus  or  1 1 1 « - 
inflammation  <>t  the  vein  wall  i-  the  primary  process.  'I  lie  weight  of  evidence 
at  present,  however,  seemi  t"  favor  the  view  that  thrombosis  occurs  first. 

■  Osier:  Studies  in  Typhoid  Fever.  Johns  Hopkins  Eosp.  Rep.,  \iii.  p.  (58 
ft  sec. 
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eases  venous  thrombosis  occurred  in  2.6  per  cent.  My  own  belief  is 
that  these  figures  do  not  begin  to  represent  the  actual  frequency  of  this 
complication.  Among  1,540  cases  of  typhoid  treated  in  the  New  York 
Hospital  between  1898  and  1912  there  were  seventy-eight  instances  of 
undoubted  venous  thrombosis  (5  per  cent.).  If  to  this  number  be  added 
the  cases  in  which  no  thrombosis  was  recognized  but  which  presented 
other  symptoms  that,  as  I  hope  to  show,  are  usually  indicative  of  the 
existence  of  a  latent  thrombosis,  the  percentage  is  increased  to  8  or  9. 
Da  Costa4  reports  that,  in  a  series  of  135  soldiers  treated  for  typhoid  in 
the  Pennsylvania  Hospital  during  the  Spanish  American  war,  the  com- 
plication of  milk-leg  occurred  sixteen  times,  or  in  nearly  12  per  cent. 
Vincent,5  in  a  group  of  cases  studied  by  him,  found  the  complication  of 
phlebitis  in  8.23  per  cent. 

It  is  my  conviction  that  the  further  study  of  this  complication  in  its 
various  phases,  and  especially  the  more  prompt  recognition  of  its  milder 
and  less  characteristic  manifestations,  will  show  that  venous  thrombosis 
occurs  in  from  10  to  15  per  cent,  of  all  cases  of  typhoid  fever. 

The  development  of  thrombophlebitis  is  gradual,  and  its  classical 
symptoms  appeal-  only  late  in  the  process:  The  recent  beautiful  his- 
tological studies  of  Aschoff6  show  that  the  formation  of  the  primary 
white  thrombus  is  due  to  the  gradual  deposit,  layer  on  layer,  of  blood 
platelets,  while  the  blood  is  still  flowing  in  the  affected  vein,  in  a  manner 
somewhat  comparable  to  the  formation  of  a  bar  by  the  gradual  deposit 
of  slit  in  a  flowing  stream.  The  complete  occlusion  of  the  vein  is  a  late 
phase  of  this  process.  The  symptoms  by  which  thrombophlebitis  is 
ordinarily  recognized — edema,  pain,  tenderness  and  periphlebitic  indura- 
tion— are  seen  usually  only  after  such  occlusion  has  occurred,  for  not 
until  then  do  the  signs  of  inflamation  of  the  vein  wall,  and  especially  of 
the  surrounding  tissue,  become  pronounced.  Up  to  that  time  the  process 
of  thrombosis  either  runs  a  latent  course  or  manifests  itself  by  symptoms 
so  mild  or  so  little  characteristic  that  they  are  apt  to  be  overlooked  or 
misunderstood. 

Yaquez,7  in  his  admirable  study  of  phlebitis,  lays  stress  on  the  fact 
that  this  process  need  not  result  in  complete  occlusion  of  the  lumen  of 
the  vein,  and  adds  that  "to  wait  until  there  is  a  total  obliteration  before 
saying  that,  clinically  and  anatomically,  there  is  a  phlegmasia  alba  dolens 


3.  Thayer:   An  Analysis  of  42  Cases  of  Venous  Thrombosis  Occurring  in  the 
Course  of  Typhoid  Fever.     Med.  News,  1904,  lxxxv,  637. 

4.  Da  Costa:  An  Unusual  Percentage  of  Cases  of  Milk  Leg  Following  Typhoid 
Fever.     Internat.  Med.  Mag.,  1899,  viii,  4. 

5.  Vincent :  Bacteriologie  des  phlebites  dans  la  fievre  typhoide.    Semaine  med., 
1895,  xv,  377. 

6.  Aschoff,  et  al:   Beitrlige  zur  Thrombosefrage.     Leipzig,  1912. 

7.  Vaquez:  De  la  phlebite.     Clin.  med.  de  la  Charite,  1894,  p.  751. 
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is  an  error  analagous  to  that  made  by  waiting  for  the  existence  of  pul- 
monary cavities  in  order  to  diagnosticate  tuberculo.- ;  - . 

That  extensive  thrombosis  of  the  veins  of  the  extremities  may  develop 
without  giving  recognizable  symptoms  has  often  been  demonstrated  by 
the  post  mortem  examination  of  patients  dying  of  pulmonary  embolism. 
The  obstetrical,  gynecological  and  surgical  literatures  abound  with  such 
instances.  Yaquez,7  in  discussing  the  phlegmasia  alba  dolens  which 
declares  itself  during  the  convalescence  of  typhoid,  insists  that  the  pro- 
cess itself  often  begins  insidiously  and  latently  long  before  the  symptoms 
appear.  In  support  of  this  statement  it  would  be  easy  to  cite  many 
instances  from  among  the  typhoid  cases  included  in  this  study,  if  space 
permitted. 

The  thrombotic  process  in  typhoid  tends  to  be  much  more  extensive 
and  widely  disseminated  than  the  symptoms  ivould  seem  to  indicate: 
One  of  the  points  brought  out  clearly  in  the  present  study  is  that  the 
thrombosis  is  usually  widely  scattered  and  extensive  even  when  the  frank 
symptoms  of  the  trouble  may  be  quite  circumscribed.  For  example,  there 
may  be  slight  pain,  or  muscular  soreness,  or  points  of  tenderness  in  both 
calves  and  feet  and  then,  some  days  or  weeks  later,  distinct  signs  of 
phlebitis — i.  e.,  marked  tenderness  and  periphlebitic  induration — only 
over  a  small  area  of  one  femoral  vein.  In  other  cases  there  will  be  frank 
signs  of  phlebitis  only  in  one  leg  or  thigh,  and  yet.  some  weeks  later, 
after  patient  has  been  permitted  to  get  up,  there  will  be  marked  edema 
of  both  legs.  Not  so  very  infrequently,  in  addition  to  phlebitis  of  the 
veins,  there  will  be  pain  and  more  or  less  tenderness  of  one  or  'the  other 
arm.  In  one  woman  there  was.  in  addition  to  phlebitis  in  both  1 
distinct  involvement  of  the  veins  of  first  one  and  then  the  other  breast. 
Occasionally  the  process  will  seem  to  be  confined  chiefly  to  the  small, 
superficial  veins  and  will  show  a  tendency  to  migrate  from  spol  to  spot 
over  the  legs,  buttocks  and  lower  part  of  the  trunk. 

THE   PULMONAB1   OOMPLIOAG  CHBOMBOPHLEBITI8 

Although  it  is  well  known  that  pulmonary  embolism  is  an  occasional 
complication  of  venous  thrombi  otion  has  Keen  centered  chiefly  oil 

the  large,  fatal  emboli  which,  while  fortunately  rare,  are  yel  bo  dramatic 
in  their  occurrence  and  so  tragic  in  their  results  as  to  leave  a  deep  imp] 

-ion  when  they  do  occur.     Such  emboli  usually  result  from  the  separation 

of  a  fragment  from  a  thrombus  occupying,  and  occluding,  some  large  vein 

■  moral  or  iliac.    They  therefore  are  apt  to  occur  Late  in  the 

course  of  the  phlebitic  pro.  ess.    Bui  there  is  another  and  much  commoner 

pulmonary  embolism   which   differs   radically   from   that  jusi 
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referred  to  in  its  time  of  occurrence,  clinical  course  and  prognosis,  and 
which  has  received  far  less  attention  than  it  deserves. 

As  a  result  of  some  personal  experiences  with  this  latter  type  I  pub- 
lished recently  a  short  papers  calling  attention  to  the  comparatively 
frequent  appearance  of  small  pulmonary  emboli  in  the  course  of  venous 
thrombosis  and  especially  to  the  fact  that  such  emboli  in  many  cases 
make  their  appearance  a  number  of  days,  or  even  two  or  three  weeks, 
before  any  signs  of  thrombophlebitis  can  be  detected.  In  seven  of  the 
nine  cases  reported  the  thrombosis  had  occurred  in  the  course  of  typhoid 
fever.  It  seemed  to  me,  therefore,  that  it  might  be  instructive  to  go  over 
the  records  of  a  large  number  of  cases  of  typhoid  with  a  view  to  ascertain- 
ing, first,  what  proportion  of  these  cases  complicated  by  phlebitis  showed 
evidences  of  such  pulmonary  embolism,  and,  second,  what  proportion  of 
the  pulmonary  and  pleural  complications  of  typhoid  could  reasonably  be 
ascribed  to  pulmonary  embolism  and  infarction.  With  these  points  in 
mind  the  records  of  all  cases  of  typhoid  treated  in  the  New  York  Hospital 
between  1898  and  1912  in  which  the  complications  of  phlebitis,  pneumo- 
nia or  pleurisy  were  recognized  have  been  carefully  analysed,  and  the 
results  of  this  analysis  form  the  basis  of  this  paper. 

Among  the  1,540  cases  of  typhoid  there  were  eighty-eight  with  pul- 
monary or  pleural  complications,  exclusive  of  bronchitis.  Among  the 
eighty-eight  cases  there  were  twenty-five  (28  per  cent.)  in  which  the 
thoracic  complications  were  almost  certainly  not  of  embolic  nature. 
(These  twenty-five  cases  formed  a  group  having  a  strikingly  uniform  and 
sharply  defined  clinical  picture.  Almost  without  exception  the  pul- 
monary symptoms  appeared  early  in  the  disease  and  began  as  a  severe 
general  bronchitis.  This  grew  progressively  worse  and  sooner  or  later 
resulted  in  bronchopneumonia,  which  was  usually  double  and  which 
usually  involved  the  greater  part  of  both  lower  lobes.  Seventeen  of  these 
cases  terminated  fatally.) 

There  were  eight  cases  (9  per  cent.)  complicated  by  phlebitis  which 
showed,  at  some  time,  pulmonary  symptoms,  but  these  symptoms  were 
either  not  sufficiently  characteristic  or  the  records  not  sufficiently  com- 
plete to  warrant  their  being  included  among  the  cases  of  pulmonary 
embolism.  Some  of  these  cases,  however,  were  almost  certainly  of  this 
nature. 

There  were,  further,  twenty-six  cases  (30  per  cent.)  in  which  the 
character  of  the  thoracic  symptoms  made  it  seem  very  probable  indeed 
that  they  were  instances  of  pulmonary  embolism  but  in  which  the  records 
furnished  no  other  evidence  of  thrombophlebitis.  Finally  there  were 
twenty-nine  cases   (33  per  cent.)   in  which  there  were  frank  signs  of 


8.  Conner.   L.   A.:    Pulmonary   Symptoms   as   Premonitory   Signs   of  Venous 
Thrombosis.     Med.  Rec.,  New  York,  April  29,  1911 
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phlebitis  and  in  which  the  pulmonary  or  pleural  symptoms  could  be 
imed  with  reasonable  certainty  to  be  due  to  embolism  and  infarction. 
Among  these  twenty-nine  cases  of  pulmonary  embolism  nineteen  _ 

their  symptoms  of  this  condition  before  the  phlebitis  had  declared  its 

and  ten  after  the  signs  of  phlebiti.-  had  appeared. 

The  above  figures  may  be  tabulated  thus: 

Cases     Per  cent. 

Pulmonary  and  pleural  complications  (exclusive  of  bronchitis)   ....  88 

Pulmonary  embolism  before  appearance  of  phlebitis  10 )  )l(                 ,, 

Pulmonary  embolism  after  appearance  of  phlebitis  10 ) 

Phlebitis  with  pulmonary  symptoms  of  doubtful  nature 8                   0 

Probable  pulmonary  embolism  without  evident   phlebitis 26                 30 

Pulmonary  complications  nol  embolic  -'•"■                28 

The  evidence  on  which  is  based  the  conclusion  thai  a  very  large  pro- 
portion of  the  pulmonary  and  pleural  complications  of  typhoid  are 
embolic  in  nature  is  and  necessarily  must  be  chiefly  circumstantial.  Such 
emboli  are  almost  always  small;  the  patients  rarely  die,  and  none  of„ 
our  cases  has  come  to  autopsy.  Since  the  evidence  is  largely  circum- 
stantial its  force  depends  on  the  accumulation  and  massing  of  it.  It  has 
therefore  seemed  to  me  necessary  to  record,  in  condensed  form,  all  of 
the  case  histories.  Whoever  has  the  patience  to  read  through  these,  i 
after  case,  will  be  likely  to  recognize  a  fairly  distinct  clinical  picture,  and 
in  reading  the  cases  of  probable  embolism  without  evident  phlebitis  will 
be  convinced,  I  believe,  thai  mosi  of  them  are  really  eases  of  embolism. 

The  character  of  the  records  of  the  medical  service  of  the  New  York 
Hospital  probably  does  not  differ  materially  from  that  of  records  of  other 
hospitals  of  the  same  class.  They  have  the  failings  inherent  in  a  system 
which  places  chiefly  on  the.  often  overworked,  intern  staff  the  responsibil- 
ity for  the  proper  recording  of  the  progress  of  the  patients  and  of  mosi 
of  the  daily  events  of  the  wards.  These  failings  are  usually  chiefly  Bins 
of  omission.  Many  transienl  and  apparently  unimportant  symptoms, 
which  may  have  been  promptly  recognized  and  properly  cared  for,  are 
yet  not  noted  in  the  permanenl  records  of  the  patient.  It  is  reasonable 
to  assume,  therefore,  that  the  records  of  the  eases  under  consideration" 
sometimes  Tail  to  include  facta  that  mighl  have  served  to  identify  a  mild 
phlebitis  ot  a  .-mall  pulmonary  embolism  ami  that  the  figures  a-  given 
above,  it'  they  en'  at  all,  do  bo  on  the  aide  of  conservatism. 

SYMPTOMS    "I'    PULMONAB1     EMBOLISM     \s    BBEN    1  \    TYPHOID    PEVBB 

\  has  hem  said  already  there  are  two  quite  distinct  type-  of  pul- 
monary embolism.  In  on,'  the  embolus  is  large;  the  attack  is  violenl 
and  usually  fatal,  ami  the  Bymptoms,  a-  a  rule,  appear  only  late  in  the 
course  of  the  phlebitis.  In  the  otheT  the  embolus  is  small,  the  Bymptoms 
are  often  very  mild  and  transient,  the  prognosis  Is  good  and  the  attack, 
in  a  majority  of  the  cases,  occurs  some  days  before  any  of  id,'  usual  symp- 


LEWIS     A.     CONNER  539 

toms  of  phlebitis  can  be  discovered.  The  first  type  is  rare;  the  second 
is  relatively  common.  In  the  latter  type  the  character  of  the  symptoms 
and  the  time  of  their  occurrence  make  it  highly  probable  that  these 
small  emboli  are  derived  from  the  freshly  forming  and  friable  mural 
thrombus  before  it  has  occluded  the  vein  and  while  the  blood  is  still 
flowing  past  it.  That  is  the  time  when  the  thrombosis  usually  gives  no 
local  symptoms  and  the  time  also  when  one  would  naturally  expect  small 
particles  to  be  carried  away  into  the  venous  blood  stream.  Indeed,  it  is 
difficult  to  conceive  of  the  gradual  formation  of  a  thrombus,  by  the 
deposit  of  blood  platelets  on  the  wall  of  a  still  patent  vein,  without  some 
fragments  being  washed  away  and  ultimately  deposited  in  the  lung  capil- 
laries ;  and  one  is  inclined  to  wonder,  not  at  the  frequency  of  embolism  in 
the  early  stages  of  thrombosis,  but  rather  that  a  case  of  thrombosis  should 
ever  run  its  course  without  such  early  pulmonary  emboli. 

The  observation  that  phlebitis  may  give  rise  to  pulmonary  embolism 
long  before  it  manifests  itself  by  local  symptoms  is  by  no  means  a  new 
one.  Vaquez,7  in  describing  various  modes  of  onset  of  phlebitis,  speaks  of 
one  under  the  caption  "Phlebite  latente  a  debut  embolique."  Such 
patients,  in  the  course  of  some  affection  likely  to  be  associated  with 
phlebitis,  "suddenly  feel  a  stitch  in  the  side  followed  by  a  little  fever, 
sometimes  with  some  bloody  sputa.  The  trouble,  which  may  be  ascribed 
to  an  intercostal  neuralgia  or  to  a  slight  focus  of  congestion,  rapidly  dis- 
appears; then  sometimes  the  same  phenomena  are  repeated  two  or  three 
times.  Finally  eight,  ten  or  fifteen  days  afterward  a  phlebitis  suddenly 
appears  in  one  of  the  extremities." 

Vialard9  reports  four  examples  of  early  pulmonary  infarction  in 
phlegmasia  alba  dolens.  A  number  of  such  instances  can  be  found  also 
among  the  cases  reported  by  Mahler10  and  by  Zurhelle.11 

A  study  of  the  cases  cited  by  Osier2  in  his  exhaustive  "Studies  in 
Typhoid  Fever"  shows  this  same  association  of  obscure  pulmonary  and 
pleural  symptoms  with  phlebitis.  For  example,  Case  13,813  is  cited 
among  the  cases  complicated  by  pneumonia  and  also  among  those  com- 
plicated by  phlebitis.  Cases  17,319  and  18,156  are  mentioned  under  the 
heading  of  the  complication  of  pleurisy  and  under  that  of  phlebitis. 
Case  13,521  appears  under  the  three  groupings  of  "painful  legs,"  pleurisy, 
and  post-typhoid  elevation  of  temperature. 

An  analysis  of  the  twenty-nine  cases  of  pulmonary  embolism  occur- 
ring with  known  phlebitis  shows  that  thoracic  pain  was  present  at  some 


9.  Vialard:   Des  embolies  pulmonaires  prephlebitiques  pendant  les  suites  de 
couches.     Jour,  de  m€d.  et  de  chir.,  1904,  lxxv,  62. 

10.  Mahler:    Thrombose.   Lungenembolie   und   plotzlicher   Tod.      Arbeit,   a.   d. 
koenigl.  Frauenklinik  in  Dresden,  1S95,  ii,  72. 

11.  Zurhelle:      Thrombose   und    Embolie    nach    gynakologischen    Operationen. 
Arch.  f.  gynak.,  1907,  Ixxxiv,  443. 
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time  in  almost  every  case.  In  a  majority  of  the  cases  it  was  the  first 
symptom  noticed.  The  pain  was  usually  sudden,  sharp  and  severe  and 
was  felt  commonly  in  the  lower  part  of  one  or  the  other  axilla.  Occa- 
sionally it  was  referred  to  the  hypogastrium,  the  shoulder  or  the  lower 
part  of  the  neck.  The  duration  of  the  pain  varied  from  a  few  hours  to 
a  number  of  days.  Cough  was  present  in  most  but  not  in  all  cases.  In 
eight  instances  it  was  the  first  symptom.  Sometimes  it  did  not  appear 
until  two  or  three  days  after  the  onset  of  the  pain. 

Bloody  sputum  was  noted  in  thirteen  (45  per  cent.)  of  the  ca 
It  sometimes  appeared  promptly,  but  frequently  was  seen  only  several 
days  after  the  onset  of  the  attack.  Often  the  blood-spitting  continued 
for  many  days.  The  blood  was  raised  usually  in  small  clots  or  streaks. 
At  the  onset  such  sputa  are  usually  bright  red;  they  soon  become  dark, 
however,  and,  if  the  spitting  continues  for  many  days,  the  altered  blood 
gives  a  brownish  color  to  the  sputum.  True  rusty  sputum  was  never 
seen. 

Sudden  thoracic  oppression  and  dyspnea  were  present  al  the  onset 
of  the  attack  in  only  three  i  ases.  In  five  instances  the  pulmonary  attack- 
was  introduced  by  one  or  more  ch  ills. 

The  behavior  of  the  temperature  varied  much.    In  some  cases  it  rose 

abruptly  with  the  advent  of  the  thoracic  sympt s3  but  often  it  was  not 

easy  to  determine  whether  the  variations  in  the  temperature  were  to  be 
ascribed  to  the  phlebitis,  to  the  embolism  or  to  the  primary  disease. 

Rigidity  of  the  upper  portion  of  the  abdominal  musculature,  and 
tenderness  just  below  the  ribs  were  present  in  several  cases  in  which  the 
infarction  seemed  to  bi  id  at  the  diaphragmatic  surface  of  the  lung. 

Multiple  Embolism:    In  thirteen  of  the  twenty-nine  cases  the  symp- 

re  such  as  to  indicate  the  occurrence  of  two  or  more  attacks  of 

pulmonary  embolism.     Among  the  cases  of  probable  embolism  without 

-  of  phlebitis  then.-  were  five  in  which  the  multiple  character  of  the 
pulmonary  at  little  room  for  doubt  as  to  their  true  nature. 

In  one  of  these  (Case  39  i  there  were  four  disl  inct  attacks  during  a  period" 
of  three  and  a  half  wei 

Fatal  Embolism:  Death  occurred  in  three  of  the  twenty-nine  cases  of 
pulmonary  embolism  with  recognizable  phlebitis  (Cases  22,  '  En 

ea.h  instance  the  fatal  attack  occurred  Late  in  the  course  of  the  phlebitis 
and  had  beer  preceded  by  milder  pulmonary  attacks 

Physical  Signs: As  n  heir  physical   Bigns  the  cases  may  be 

divided  into  three  groups  : 

1.  Those  in  which  friction  rubs  or  crepitant  rales  over  a  small  area 
the  only  signs.    The-,'  signs  often  last  I  onlj  two  or  thi lays. 

in    which    the    Bigns    were    th, f    ;1    small,    circiunscrihed 

pneumonia.     Th<  usolidation  did    not   extend  and   in  each 
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instance  the  signs  of  consolidation  disappeared  within  three  or  four  days. 
These  signs  were  almost  always  in  the  lower  lobes. 

3.  Cases  with  signs  of  extensive  plastic  pleurisy  or  of  pleural  effusion. 
This  type  included  more  than  half  of  all  the  cases.  In  some  of  these 
the  physical  signs  at  first  were  those  of  consolidation.  It  seemed  to  be 
quite  characteristic  of  the  third  group  of  cases  that  although  the  signs 
seemed  to  indicate  the  presence  of  liquid,  exploratory  puncture  usually 
failed  to  reveal  it.  In  only  three  cases  was  serum  obtained  and  in  only 
one  of  these  was  there  any  considerable  quantity. 

CASE  EEPORTS 
PULMONARY    EMBOLISM    BEFORE    THE   APPEARANCE    OF    SIGNS    OF    THROMBOPHLEBITIS 

Case  1. — D.  R.  D.,  male,  aged  32.  No.  1373.  Admitted  October  23,  1898,  on 
ninth  (  ?)  day  of  illness.  On  this  day  patient  developed  a  troublesome  cough.  On 
the  next  day  (October  24)  the  sputum  was  blood-streaked.  October  26,  "Patient 
raised  quite  a  considerable  amount  of  blood."  The  cough  and  bloody  sputum  lasted 
for  several  days.  On  November  6,  there  was  pain  in  the  left  groin  and  leg  and 
two  days  later  "tenderness  in  calf  and  along  course  of  the  long  saphenous  vein." 
Later  still  the  leg  became  edematous.  The  temperature,  which  had  been  normal, 
rose  for  two  days  with  the  appearance  of  the  signs  of  phlebitis. 

Case  2.— W.  B.,  male,  aged  26.  No.  2806.  Admitted  Aug.  31,  1899,  on  ninth 
day  of  disease.  Five  days  later  (September  4)  patient  had  a  chill  at  noon  and 
three  hours  later  became  very  cyanotic,  vomited,  had  a  rapid,  weak  pulse  and 
began  to  cough  up  blood-streaked  mucus.  September  12,  had  chill  and  became 
cyanotic.  September  13,  two  chills.  Over  lower  part  of  right  chest  behind,  dul- 
ness,  bronchovesicular  breathing  and  crepitant  rales.  September  14,  "Patient 
cyanotic,  pulse  very  weak."  During  the  next  three  days  several  chills.  September 
19,  pain  in  right  leg.  September  20,  signs  of  fluid  over  lower  part  of  right  chest 
behind.  Pain,  tenderness  and  swelling  appeared  in  right  thigh  and  calf.  On 
September  27,  pus  was  evacuated  from  right  thigh,  and  on  October  12,  pus  was 
discovered  in  right  calf.  Later  there  developed  pain,  tenderness  and  redness 
along  the  lower  part  of  the  inner  side  of  the  leg  which  persisted  for  a  fortnight 
or  more  and  gradually  disappeared.  The  chest  signs  slowly  disappeared  and  the 
patient  recovered. 

Case  3— M.  B.  W.,  female,  aged  24.  No.  2987.  Admitted  Oct.  12,  1899,  on 
fifth  (?)  day  of  illness.  Severe  course  with  persistent  nausea  and  vomiting. 
October  17,  patient  had  a  chill  with  sweating,  and  soon  afterward  began  to  have 
severe  abdominal  pain.  On  the  following  day  the  pain  was  very  severe  and  was 
localized  over  the  right  side  of  the  chest.  October  23,  pain  appeared  in  left  leg 
and  popliteal  space.  October  27,  pain  in  left  side  of  chest.  October  29,  pain 
began  in  right  leg.  November  2  and  4,  chills.  Pain  in  legs  continued  and  on 
November  11  there  was  tenderness  along  the  course  of  the  femoral  vein  in  both 
thighs.  On  the  evening  of  November  17  there  was  a  chill  followed  by  sudden, 
severe  pain  referred  to  the  region  of  the  right  shoulder  and  the  patient  was  deliri- 
ous through  the  night.  All  the  symptoms  gradually  subsided  and  the  patient 
recovered. 

'  Case  4.— D.  P.  T.,  male,  aged  24.  No.  6593.  Admitted  Nov.  23,  1901,  on 
twenty-first  day  of  illness.  The  patient  was  delirious  and  very  sick.  Over  the 
left  lower  lobe  there  was  an  admission  dulness,  diminished  breathing  and  subcrepi- 
tant  rales.  On  November  28  there  was  bronchial  voice  and  breathing  at  the  level 
of  the  angle  of  the  scapula  and  signs  of  fluid  below  this.  November  29,  "area  of 
consolidation  unchanged.  Signs  of  fluid  much  less."  December  3,  "Pain  and  ten- 
derness along  course  of  both  internal  plantar  nerves."     This  pain  in  soles  of  feet 
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was  troublesome  for  some  days.  On  the  night  of  December  16.  patient  developed 
a  troublesome  cough  and  on  following  day  began  to  have  very  severe  pain  in  right 
side  of  chest  and  in  right  shoulder,  and  the  temperature  rose  from  100  to  104  F. 
The  pain  and  cough  continued  through  the  night  and  next  day  over  the  right  lower 
lobe  there  were  signs  of  fluid  and  that  evening  twenty-five  ounces  of  clear  fluid 
were  removed.  December  23,  "Patient  complaining  of  pain  in  right  leg  and  groin 
for  several  days.  Tenderness  is  very  marked  over  veins  of  thigh,  where  a  cord 
can  be  felt."     The  phlebitis  ultimately  subsided  without  edema. 

Case  5  — M.  M.,  male,  aged  18.  No.  8170.  Admitted  Sept.  21.  1902.  on  fifth 
day  of  illness.  Ran  a  fairly  severe  course.  No  pulmonary  signs  or  symptoms  on 
admission.  September  27,  at  5  p.  m.,  the  patient  began  to  have  very  severe  pain 
over  left  lower  chest  and  in  epigastric  region,  and  temperature  rose  to  105.8. 
Patient  was  delirious  much  of  the  time  for  Beveral  days.  Xo  definite  signs  in  the 
chest.  October  11,  "Has  improved  very  much.  .Mind  quite  clear.  Complains  of 
pains  in  left  thigh  and  there  is  slight  tenderness  along  course  of  the  femoral 
vessels.  For  several  days  patient  has  been  complaining  of  painful  feet  and  his 
toes  are  very  tender."  October  13,  "Complains  of  left  arm  being  painful  and  is 
unable  to  bend  elbow."  November  15.  Tenderness  along  course  of  femoral  vein 
bad  disappeared,  but  toes  still  somewhat  tender.     Good  recovery. 

i:  6.— W.  C.  C...  male,  aged  40.  No.  8467.  Admitted  Nov.  17.  1002,  on 
ninth  day  of  illness.  Very  severe  course:  delirious  much  of  time.  November  21. 
Sudden  pain  in  left  chest,  followed  by  coughing.  November  22,  3  a.  m.  Sudden 
cyanosis  and  dyspnea.  Dyspnea  continued  throughout  day.  Troublesome  cough. 
During  next  three  weeks  much  coughing  and  frequent  sweats.  Beginning  Decem- 
ber 12,  frequent  chills  and  BWeats.  December  15.  Severe  pain  in  right  leg  fol- 
lowed by  signs  of  phlebitis  in  thigh  and  leg.  December  20.  Pain  in  right  chest 
and  great  restlessness.  More  cough.  December  26.  Signs  of  phlebitis  in  left. 
calf.  Return  of  pain  in  righl  chest.  January  4.  Small  area  of  dulness  and  a 
few  crepitant  rales  in  (right?)  lung.  Sputum  streaked  with  blood.  January  5. 
Patient  developed  Bigns  of  edema  of  the  larynx  and  died  in  spite  of  a  tracheotomy. 
-i:  7.— J.  D..  male,  aged  12.  No.  9879.  Admitted  Sept.  6,  1903,  on  fourth 
day  of  illness.     Elan  severe  <■■  September  13  and  14:  intestinal  hemorrhage. 

September  21.  Area  of  dulness  near  angle  of  right  scapula  with  bronchial  breath- 
ing and  voice  and  many  coarse  rales.  The  COUgh  and  signs  of  consolidation  lasted 
several  days.  September  27.  Complained  of  pain  in  left  leg.  most  marked  along 
inner  side  of  thigh  where  then-  is  tenderness  but  no  cord  to  be  felt.  Next  day 
the  temperature  rose  and  continued  nigh  for  some  days.  October  1.  "Consolida- 
tion clearing  up.  Toes  of  both  feel  are  tender."  October  .">.  Toe-  no  longer  ten 
der^  and  tenderness  along  inner  side  of  thigh  has  disappeared.  No  further 
Bymptoms. 

.  s.  i,\  \.  i:..  male,  aged  27.  No.  10,130.  Admitted  Nov.  1  I.  190 
tenth  day  of  disease.  Elan  a  moderately  sever*  course.  Lungs  normal  on  admia 
sion.  November  16.  Right  wrisl  painful  ami  tender.  November  21.  During  the 
night,  there  was  Budden  severe  pain  in  right  Bide,  requiring  anodynes.  The  pain 
continued  through  the  day,  without  other  physical  Bigns.  November  •-."..  "Abun- 
dant  fine   pleuritic    rales   in   right    axilla    and    at    righl    base."      The   pains   and    the 

signs  of  plastic  pleurisy  continued  for  several  days.     The  pain,  tenderness  ami 

redness  of  right  wii-t  also  continued  and  extended  to  the  palm  of  the  hand. 
Decembers.  "Righl  wrisl  and  band  no!  swollen  hot  still  somewhat  tender.  Toda] 
there  La  pain  and  tenderness  in  tie-  left  pc.piit.ai  bpace  and  the  left  calf  la  -"me 
what  swollen."  Later  the  thigh  became  swollen  ami  tender  along  the  course  of 
i he  femoral  vein  ami  a  tender  cord  could  be  fell  in  the  popliteal  space. 

9.    .1.  m..  male,  aged    18  Admitted  to  hospital   Aug.  81, 

L906,  on  fifteenth  day  of  nine--  Severe  course.  Slight  cough  on  admission. 
"Lungs  normal  except  for  a  few  scattered  rales,"  September  2.  chill  at  4  p,  m. 
with  rise  of  temperature  to  106.8  I  .  al  8  p.  m.,  a  second  chill;  temperature  106.8 
v..  respiration  36,  pulse  124.    September  3.    Chill  at  8  a.  m.  and  again  at  7  p.  to. 
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No  cough,  pain  or  expectoration  noted.  September  5.  Chill.  September  6.  Pain 
referred  to  left  shoulder.  Slight  resistance  and  tenderness  in  left  upper  quadrant 
of  abdomen.  Chill  at  11  p.  m.  September  7.  Chill  at  7:30  a.  m.  Severe  pain  in 
left  chest,  relieved  somewhat  by  strapping  chest.  September  8.  "Patient  has  had 
three  attacks  of  severe  pain  in  left  side,  each  time  accompanied  by  profuse  sweat- 
ing. Many  fine  crepitations  over  left  lower  back  and  in  left  axilla,  brought  out 
after  coughing."  September  11.  Pain  gone.  Signs  of  fluid  over  lower  half  of  left 
chest,  but  needle  inserted  in  two  places  revealed  no  fluid.  September  12.  Chill 
at  6  p.  in..,  temperature  106.4  F.,  respiration  40,  pulse  140.  September  14.  Chill 
at  6  p.  m.  September  17.  Temperature  normal.  "At  left  base,  dulness,  diminished 
fremitus,  a  few  rales  and  soft  bronchial  breathing."  On  September  18,  19  and  20 
some  elevation  of  temperature  without  apparent  cause.  September  23.  Tempera- 
ture up.  Pain  in  left  groin  and  tenderness  from  groin  down  inner  side  of  thigh 
to  popliteal  space.  September  24.  Cough  more  troublesome.  "Is  raising  bloody 
sputum  today."     Some  dulness  with  diminished  breathing  and  voice  at  right  base. 

The  signs  of  phlebitis  in  the  left  thigh  and  leg  lasted  for  some  time.  The  leg 
became  edematous  and  some  weakness  and  foot  drop  were  noticed  when  the  patient 
attempted  to  walk.     The  patient  made  a  slow  but  complete  recovery. 

Case  10.— J.  M..  male,  aged  28.  No.  14,943.  Admitted  Feb.  18,  1907,  on  the 
fourteenth  day  of  illness.  Patient  had  a  dry  cough  on  admission  and  on  evening 
of  the  same  day  spat  up  considerable  bloody  sputum.  February  22.  "Marked 
dulness  over  entire  right  lower  lobe,  diminished  breathing  and  many  crepitant  and 
subcrepitant  rales."  Cough  and  bloody  sputum  continued  for  some  days.  Feb- 
ruary 25.  Pulmonary  signs  unchanged.  Sputum  had  become  foul  smelling  and 
dark  in  color.  A  needle  inserted  in  lower  part  of  right  chest  behind  withdrew 
thick,  dirty-red,  foul-smelling  material.  The  signs  of  a  gangrenous  abscess  in  the 
lung  gradually  subsided  and  the  temperature  fell  to  normal.  On  March  15  patient 
sat  up  for  first  time.  March  20.  Marked  signs  of  phlebitis  in  both  legs;  severe 
pain,  tenderness  and  edema.     Gradual  recovery. 

Case  11.— S.  B.,  male,  aged  34.  No.  15,227.  Admitted  April  14,  1907,  on 
twenty-first  (  ?)  day  of  disease.  On  April  16  and  17  there  are  notes  of  abdominal 
pain  and  rigidity,  but  the  position  of  the  signs  is  not  given.  April  21.  "Pain 
in  the  right  side  on  breathing  or  coughing.  A  few  friction  sounds  in  right  axilla. 
Below  angle  of  right  scapula  there  is  dulness  and  diminished  breathing."  April 
24.  Right  chest  aspirated;  175  c.c.  of  clear  fluid  obtained.  April  27.  "Sputum 
brownish-red."  April  30.  "Sputum  still  bloody  and  foul  smelling."  On  May  8,  a 
needle  inserted  into  right  chest,  posteriorly,  revealed  pus  and  patient  was  trans- 
ferred to  the  surgical  service  and  operated  on  for  a  pulmonary  abscess.  Patient 
was  allowed  up  on  June  9,  and  two  days  later  there  were  signs  of  phlebitis  in 
both  legs,  with  marked  edema.     Slow  recovery. 

Case  12. — J.  S..  female,  aged  35.  No.  15,687.  Admitted  to  hospital  July  30, 
1907,  on  thirteenth  day  of  illness.  Ban  a  moderately  severe  course,  the  fever 
gradually  falling  so  that  on  the  twenty-second  day  (August  8)  the  temperature 
remained  below  100  F.  On  August  9,  at  8  a.  m.,  patient  had  a  normal  tempera- 
ture and  felt  well.  At  8:40  a.  m.  she  complained  of  acute  pain  in  the  region  of 
the  heart,  became  cold  and  blue  and  broke  out  in  a  cold  sweat.  She  complained 
of  three  such  severe  attacks  of  pain  within  an  hour.  The  pulse  rose  from  72  to 
116.  the  respirations  from  20  to  44,  and  the  temperature  from  normal  to  103. 6~F. 
During  the  afternoon  and  evening  there  were  frequent  paroxysms  of  pain  in  left 
chest,  the  patient  was  cyanosed  and  cold,  the  pulse  rapid  and  feeble.  There  was 
also  rigidity  of  the  upper  part  of  the  left  rectus  muscle  with  tenderness.  During 
August  10  and  11  there  was  troublesome  dry  cough  with  more  or  less  pain  in 
left  chest.  Pleuritic  friction  sounds  could  be  heard  in  the  left  axilla  and  there 
was  a  distinct  pleuropericardial  rub.  August  12.  "Patient  still  somewhat 
cyanotic.  Dry  cough  and  pain  in  left  axilla  still  persists."  August  13.  Cough 
accompanied  by  blood-stained  expectoration.     Impaired  resonance,  feeble  breathing 
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and  many  crepitant  rales  at  right  base  posteriorly,  and  many  crepitant  rales  in 
left  axilla.  August  14.  "Sharp  pain  in  right  side  of  neck  and  right  shoulder. 
Troublesome  cough  but  no  expectoration."  August  17.  Dull  ache  in  left  thigh 
and  groin  which  next  day  extended  to  left  calf.  August  19.  Sudden  stabbing 
pain  in  right  chest.  August  20.  Expectoration  of  bright  blood  which  con- 
tinued for  several  days.  On  August  20  there  developed  pain,  tenderness  and 
swelling  along  the  course  of  the  right  femoral  vein;  the  tenderness  extended  up 
along  the  course  of  the  external  iliac  vein,  and  there  was  swelling  and  tende: 
of  the  labium  majoris  on  that  side.  August  30.  Tain  referred  chiefly  to  sole  of 
right  foot.  Later  edema  appeared  in  both  legs.  The  chest  signs  gradually  cleared 
up  and  patient  made  a  good  recovery. 

Case  13. — Mr.  H.,  aged  50,  was  admitted  Sept.  2,  1910,  on  second  day  of 
illness.  Course  mild  and  uneventful  until  September  19.  He  then  developed  a 
troublesome  cough  to  which  was  added,  on  September  22.  pain  in  left  side  of 
chest  which,  for  a  day  or  two,  was  very  severe.  On  the  night  of  October  6,  he 
had  a  chill  and,  a  few  hours  later,  severe  pain  in  the  left  scapular  region  and 
cough.  The  pain  and  cough  lasted  for  some  days.  On  October  10  he  spat  up  some 
bright  blood-streaked  mucus  and  for  several  days  afterward  the  sputum  con- 
tained dark  blood.  On  October  15  he  bejran  to  have  pain  and  tenderness  in  right 
leg  which,  two  days  later,  extended  to  the  thigh  along  the  course  of  the  femoral 
vessels.  On  October  26  the  same  symptoms  appeared  in  the  left  leg  and  about 
the  same  time  he  suffered  greatly  for  several  days  with  pain  in  the  lumbar  portion 
of  back.  The  phlebitis  in  both  legs  ran  a  long  and  severe  course.  The  temperature, 
which  had  reached  normal,  rose  abruptly  on  October  7  after  a  chill  and  continued 
high  and  irregular  throughout  the  course  of  the  phlebitis. 

Case  14.— L.  C,  male,  aged  29.  No.  20,379.  Admitted  Sept.  9.  1910.  on  sixth 
day  of  disease.  Mild  course;  uneventful  until  September  21;  then  sudden  severe 
pain  referred  to  right  hypochondrium,  rapid  breathing  and  rigidity  of  upper  part 
of  right  rectus  muscle.  That  evening,  "many  crackling  pleuritic  rales  in  right 
axilla."  One  wick  later,  "slighl  tenderness  along  inner  side  of  right  leg."  No 
further  notes  on  the  condition  of  the  legs.  Discharged  October  22.  A  few  days 
later  friends  of  the  patient  reported  that  he  had  "swelling  of  both  legs  below 
the  knees." 

Case  15.— F.  Z.,  male,  aged  32.  No.  20.51.0,.  Admitted  Oct.  3.  1910.  «on  ninth 
day  of  disease.  Uneventful  and  rather  mild  course  until  October  22.  when  he 
complained  of  pain  in  left  axilla  and  had  "a  few  fine  pleuritic  rales"  in  the  Bame 
region.  On  the  next  day  the  entire  left  leg  seemed  slightly  swollen,  was  bluish 
in  color  and. there  was  marked  tenderness  over  the  femoral  vein.  October  24, 
"maFk<d  tenderness  in  abdomen  j>  left   Pouparfs  ligament."    October  29. 

Tenderness  in  right  thigh.     November  1.  "Pleural  friction  rub  low  in  left  axilla." 
When  discharged  there  was  still  some  ■  ■  ft    leg. 

i:  16.— H.  C,  male,  aged  21.    No.  20,632.    Admitted  Oct.  25,  1910,  on  the 
eighth  day  of  disease.     Han  a  moderate  November  <'>.     In  after- 

noon the  patient  began  to  cough  severely  and  continued  to  do  so  for  a  number 
of  days.    November  13.    Complained  of  pain  In  Bide  of  chest  on  breathing,    "i 
in  left  axilla  and  posteriorly  over  left  lower  l"''.'  are  scattered  coarse  friction 
rubs."     November  22   to  26.     Intestinal   bemori  The  temperature,  after 

having   been    normal    fur  two   weel  ibruptly    on    December   7   and    continued 

fairly  high  for  :i  fortnight  or  mure.    < in  December  n  signs  of  phlebitis  appeared 

in   the  right    thigh  and   later  showed   also   in   the  right    calf.     There  was  no  edema. 

Admitted  Dec.  is,  1910,  on  about  the  tenth  day 
of  disease.  Moderate  initial  course  followed  by  equally  long  "relapse."  For  about 
due  ■   ■  '  December  24,  patient  coughed  much  and  had  bloody  expectora- 

tion.     Later  a  few  tine  rales  could  be  heard  in  both  axillse  and  in  both  ba 
behind.    January  22  patient  began  t<>  complain  of  pain  in  left  arm.    On  January 
°7.  pain  began  In  i  and  a  few  days  later  in  the  left  leg.    The  pain  was 
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especially  severe  and  protracted  in  the  left  leg  where  there  was  marked  tender- 
ness over  the  lower  third  of  the  anterior  surface  external  to  the  tibia.  At  the 
time  of  discharge  there  was  still  slight  edema  of  the  foot  and  ankle. 

Case  18.— A.  C,  female,  aged  37.  No.  180,098.  Admitted  Nov.  24,  1911,  on 
eighth  day  of  illness.  Moderate  course.  Temperature  gradually  falling  and 
patient,  conscious  and  comfortable  when  at  9  p.  m.  on  December  4  (eighteenth  day) 
she  complained  of  sharp  pain  in  left  side  of  chest.  The  pain  continued  next  day 
but  the  signs  in  the  chest  were  negative  except  for  many  fine  rales  at  the  end  of 
inspiration.  Patient  spat  up  a  small  amount  of  bright  blood.  December  7,  "Still 
spitting  up  a  small  amount  of  bright  blood  occasionally.  Still  no  definite  signs  in 
chest."  No  pain  or  tenderness  along  course  of  veins  of  legs.  December  8.  Still 
coughing.  In  a.  m.  complained  of  pain  in  right  heel.  Later  in  the  day  there  was 
slight  pain  in  right  knee.  "Still  no  signs  of  phlebitis."  The  temperature,  which 
had  been  below  100  F.  for  some  days,  rose  in  the  afternoon  to  104  F.  and  remained 
high  for  four  days.  December  9.  Slight  tenderness  over  position  of  Hunter's  canal 
and  in  popliteal  space  of  right  leg.  December  12.  Patient  complained  of  more 
pain  in  left  side  of  chest.  December  13.  Cough  much  worse.  Sputum  again 
contained  bright  blood.  Pain  in  left  knee.  "No  signs  of  phlebitis  on  that  side." 
December  14.  Tenderness  over  Hunter's  canal  on  left  side.  December  15.  Severe 
pain  in  left  side  of  chest.  At  left  base,  dulness  and  many  fine  rales.  The  cough 
and  bloody  sputum  continued  for  several  days  longer.  The  phlebitis  of  both  legs 
lasted  for  some  time  and  subsided  without  edema. 

Case  19. — H.  P.,  physician,  aged  24.  Onset  June  9,  1910.  Moderately  severe 
course  which  was  uneventful  until  the  evening  of  twelfth  day  (June  21)  when 
he  was  awakened  by  sudden,  severe,  thoracic  oppression  and  a  feeling  of  suffoca- 
tion. He  had  dyspnea,  cyanosis,  cold  sweat,  a  rapid,  thready  pulse  and  all  the 
indications  of  alarming  collapse.  On  the  following  day  these  symptoms  had  some- 
what subsided.  Examination  of  the  chest  was  negative.  June  23.  Symptoms 
subsiding.  Lungs  negative  except  for  diminished  bieathing  and  crepitant  rales 
at  angle  of  left  scapula.  In  the  afternoon  began  to  have  pain  in  left  side  of  chest 
which  on  following  day  (June  24)  became  very  serious.  Very  slight  cough.  No 
signs  of  phlebitis.  June  26.  Began  to  expectorate  mucus  mixed  with  dark  blood. 
June  28.  Sharp  pain  in  right  side  of  chest.  June  29.  Soreness  in  calf  of  right 
leg  which,  on  following  day,  extended  along  the  course  of  the  femoral  vein  in 
thigh.  The  bloody  sputum  and  cough  continued  for  some  days  longer.  July  5. 
Some  pain  in  left  calf.  No  further  symptoms  until  July  14  when  signs  of  phlebitis 
in  left  femoral  vein  appeared.  The  signs  of  plastic  pleurisy  in  the  left  chest 
slowly  disappeared  and  patient  made  a  good  recovery. 

PULMONARY   EMBOLISM   AFTER   THE   APPEARANCE   OF   SIGNS   OF  PHLEBITIS 

Case  20.— W.  E.  S.,  male,  aged  25.  No.  1572.  Admitted  Dec.  4,  1898.  Typhoid 
began  in  Porto  Rico  on  October  8.  Improved  until  November  13,  when  right  leg 
became  tender  and  swollen.  This  improved  and  patient  left  hospital.  Two  days 
before  entrance  to  New  York  Hospital  (December  2)  the  left  leg  became  swollen 
and  tender  in  the  calf  and  on  the  following  day,  he  had  pain  in  left  chest  near 
his  heart.  On  admission  there  was  dulness  and  diminution  of  voice,  breathing  and 
fremitus  at  the  left  base  and  signs  of  phlebitis  in  the  left  leg.     Recovery. 

Case  21.— II.  W.  W.,  female,  aged  25.  No.  2968.  Admitted  Oct.  7,  1899,  on 
tenth  day  of  illness.  Severe  course.  October  14.  Pain  and  tenderness  along 
course  of  femoral  vein  in  right  thigh.  Chills  October  17  and  18.  October  22. 
Very  severe  pain  in  left  side  which  was  followed  by  signs  of  pleurisy  with  effusion 
in  left  chest.    October  23.    Signs  of  phlebitis  in  left  leg.    Later  edema  of  both  legs. 

Case  22.— J.  L.  L.,  male,  aged  26.  No.  6393.  Admitted  Oct.  14,  1901,  on 
sixteenth  day  of  illness.  On  day  before  admission  began  to  have  severe  pain  in 
left  thigh  and  leg  and  on  admission  showed  well  marked  signs  of  femoral  phlebitis. 
October  21.  Soreness  and  tenderness  in  left  heel,  which  lasted  several  days. 
October  23.     Sudden  change  for  the  worse,  with  very  rapid  pulse  and  breathing. 
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October  24.  Pain  in  right  side  of  chest,  with  many  friction  sounds.  October  27. 
(  hill,  with  rise  of  temperature  and  labored  breathing.  Over  lower  part  of  right 
chest,  flatness  and  diminished  breathing,  voice  and  fremitus.  October  30.  Small 
amount  of  fluid  obtained  from  right  chest.  October  31.  Signs  of  phlebiti-  in 
right  leg.  Very  severe  pain  and  tenderness  in  foot  and  heel  which  lasted  some 
days.  November  17.  Sudden  death,  due  probably  to  pulmonary  embolism, 
auto] 

I  A.SE  23.— S.  II.  ('..  male,  aged  32.  No.  9892.  Admitted  Sept.  S.  1903..  on 
fourth  day  of  illness  Very  severe  course.  September  14.  Pain  in  left  popliteal 
space,  September  18.  Chill.  September  23.  Slight  edema  of  left  ankle.  Ten- 
derness and  swelling  of  right  calf.  September  25.  Severe  chill.  Septembe: 
i  hill.  Dulness  and  many  crepitant  rain,  at  left  base  posteriorly.  September  28. 
Coughing.  Two  chill.-.  Signs  of  consolidation  at  left  base  more  distinct.  October 
of  phlebitis  in  both  legs.  October  11.  Two  profuse  Bweats.  October 
12.  Chills.  Slight  dulness  and  many  crepitant  rales  over  upper  part  of  left 
lower  lobe.     Signs  of  fluid  at  base.    Small  amount  of  bloody  fluid  aspirated. 

CASE  24.— Mi--  If.  P..  aged  25.  No.  13.74S.  Admitted  April  (i.  lOOG.  on 
nth  day  of  illness.  Long,  severe  course.  April  21.  Began  to  complain  of 
painful  and  tender  toes,  also  of  pain  in  both  legs,  but  especially  in  left  leg.  April 
_'::.  Tenderness  in  right  groin  below  Poupart's  ligament.  April  25.  Cough  and 
expectoration  with  rale-  at  base  of  right  lower  lobe.  Between  April  2(1  and  May 
22  patient  had  eight  severe  chills  with  fever  of  markedly  remittent  type.  During 
most  of  this  time  she  suffered  greatly  from  tenderness  and  pain  in  the  toes.  May 
6.  Frank  9igns  of  phlebitis  in  left  leg  and  later  in  thigh.  Maj  22.  After  a 
chill  patient  had  a  violent  attack  of  coughing  and  complained  of  severe  pain  in 
left  chest.  For  several  days  thereafter  severe  pain  in  left  chest  and  left  upper 
quadrant  of  abdomen.     Irregular  temperature  continued  for  a  fortnight  longer. 

<  ask  25. — Y.  A.,  male,  aged  42.  Admitted  Feb.  8,  1910,  on  sixth  day  of  illness. 
Long  severe  course.  February  1!'.  (hill  and  later  pain  and  tenderness  over  left 
femoral  vein.  Dp  to  that  time  he  had  had  no  cough  whatever.  That  night  he 
was  disturbed  several  times  by  coughing  attacks  which  ceased  next  day.  February 
26.  (hill,  high  temperature  and  signs  of  phlebitis  of  right  femoral  vein.  March 
5.  Sudden,  severe  pain  in  right  chest,  cough,  bloody  sputum,  dulness  and  ri 
at  right  base  posteriorly.  Later  signs  of  consolidation  in  right  lower  lobe  became 
•  distinct.  Cough  ami  expectoration  of  blood  lasted  for  two  weeks.  Slight 
chill-  with  ri-.-  of  temperature  mi  March  15  ami  25.  On  March  15  patient  com- 
plained of  great  tenderness  in  toe-  of  both  feet,  which  continued  for  several  days. 
Later' edema  of  both  legs.     No  rise  in  leuko 

I  \-i  26.— M.  1'..  male,  aged  23.  No.  20,248.  Admitted  Aug.  22,  I'.'IO.  on 
eleventh  day  of  illness.  Moderate  course  and  uneventful  convalescence  until  Sep- 
tember  20.  Patient  had  been  up  ami  about  ward  for  several  day-  ami  on  tin-  day 
temperature  began  to  rise.  On  the  following  day  there  was  pain  in  left  thigh 
Knt  no  other  indication-  of  phlebitis.  Later  in  the  day  there  developed  pain  in 
righl  side  of  chest,  made  worse  by  deep  breathing,  ami  a  few  friction  rubs  could 
he  heard  in  the  right  axilla.  'I  In1  pulmonary  symptoms  Boon  disappeared.  All 
the  usual  symptoms  of  femoral  phlebitis  developed  rapidly  and  lasted  for  two 
weeks. 

(  A-i    27.     i).  I  ..  male,  aged  2:;.     No.   178,211.     Admitted  duly  20,   1911,  on 

fourteenth   day   of   :11m--.      Be   then   complained    of   pain    in    the   calves    of   the   legs, 

especially  the  right,  ami  there  was  marked  tenderness  id  tie'  muscles  of  the  right 
calf  and  in  the  right  popliteal  space,  ami  slight  tenderness  over  the  same  ■ 
in  the  left  h-e.  From  July  19  to  22  he  complained  also  of  pain  and  tenderness  in 
both  forearms.  July  26.  Severe  coughing  attacks  throughoul  night  August  •'-. 
Pain  in  left  side  of  ch.-t.  August  17.  Two  severe  chili-.  August  l^.  Tender- 
..ml  palpable  cord  in  right  femoral  region  and  in  popliteal  -pace  ami  swelling 
,,f  ti  ,if.    August  P.'.    Suddenly  developed  labored  respiration  with  cough 

:,,,,!   blood-stn  ition.     These   symptoms  continued   until    \mju-t   22 

when    he   died.      No   autop 
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Case  28. — A.  M.,  female,  aged  25.  Xo.  178,318.  Admitted  July  29,  1911. 
Patient  had  been  ill  for  four  weeks  but  had  not  gone  to  bed.  On  admission  the 
dilated  and  tortuous  superficial  veins  on  the  inner  and  anterior  aspects  of  both 
legs  and  thighs  were  thrombosed,  dark  in  color  and  tender  to  pressure.  August 
7,  the  patient  suddenly  became  restless  and  dyspneic,  complained  of  pain  in  the 
chest,  and,  later  in  the  day,  showed  at  the  base  of  the  right  axilla,  an  area  of 
diminished  breathing  over  which  were  many  fine  rales.  The  pulmonary  symptoms 
continued;  the  signs  remained  unchanged  and  three  days  later  the  patient  died. 
Xo  autopsy. 

Case  29. — B.,  male,  aged  21.  Xo.  178.517.  Admitted  Aug.  10,  1911,  on  sixth 
day  of  disease.  Very  mild  initial  course.  After  temperature  had  been  normal 
for  nearly  five  weeks  it  began,  September  27,  a  step-like  ascent,  accompanied  bv 
general  malaise  and  pains  in  the  back  and  limbs.  October  4.  Tenderness  over 
right  femoral  and  popliteal  veins  and  pain  in  calf.  October  8.  Had  restless,  sleep- 
less night  and  complained  of  pain  in  chest.  Xo  cough.  The  signs  of  phlebitis 
gradually  disappeared.  The  fever  lasted  a  considerable  period.  There  were  no 
further  pulmonary  symptoms. 

PHLEBITIS    WITH   PULMOXABY    SYMPTOMS    OF   DOUBTFUL   XATUBE 

Case  30.— P.,  male,  aged  22.  Admitted  Xov.  20,  1897.  Pulmonary  signs  at 
one  base,  with  rise  of  temperature  after  defervescence.  One  month  later  frank 
signs  of  bilateral  femoral  phlebitis. 

Case  31. — H.,  female,  aged  26.  Admitted  Dec.  9,  1897.  Pulmonary  signs  at 
right  base  late  in  disease.  Kise  of  temperature  and  rapid  pulse.  Three  weeks 
later  phlebitis  of  right  femoral  vein. 

Case  32. — H.  W.  L.,  male,  aged  35.  Xo.  5,341.  Early  pulmonary  symptoms 
(severe  cough  and  blood-streaked,  frothy  sputum).  Later  extensive  phlebitis,  of 
both  legs  and  right  arm. 

Case  33. — C.  S.,  female,  aged  23.  Xo.  8,695.  Slight  early  pulmonary  symp- 
toms, probably  not  embolic.     Two  weeks  later  phlebitis  of  left  femoral  vein. 

Case  34. — D.  E.  D.,  male,  aged  24.  Xo.  13,097.  After  defervescence  sudden 
cyanosis  followed  by  rise  of  temperature  and  pain  in  region  of  diaphragm  on  left 
side.     Five  days  later  phlebitis  of  right  external  saphenous  vein. 

Case  35. — G.  S.  B.,  female,  aged  20.  Xo.  14,095.  Very  severe  course;  patient 
delirious  much  of  the  time.  Between  July  19  and  26  troublesome  cough  with 
slight  expectoration.  July  26,  6  a.  m.,  sudden  cyanosis  and  collapse.  July  28, 
"very  free  expectoration."  July  29,  "Complains  of  toes  being  painful."  August 
12,  temperature  after  having  been  normal  for  five  days,  began  to  rise.  August  14. 
Troublesome  cougn.  August  17.  Pain  in  right  leg  above  foot.  August  29.  Severe 
pain  in  left  leg,  with  rise  of  temperature.    Later  signs  of  phlebitis  in  both  legs. 

Case  36. — A.  W.,  female,  aged  28.  Xo.  16,313.  During  fifth  week  troublesome 
cough  with  rales,  especially  at  right  base.  Two  chills.  Ten  days  later  phlebitis 
of  left  femoral  and  calf  veins. 

Case  37.— J.  T.,  male,  aged  32.  Xo.  176,408.  During  defervescence  trouble- 
some cough  for  two  days.  Five  days  later  signs  of  left  femoral  phlebitis  with 
chill  and  high  temperature. 

PULMOXABY   SYMPTOMS   SUGGESTIVE  OF  EMBOLISM  WITHOUT  EVIDENT  PHLEBITIS 

Case  38.— M.  K.,  female,  aged  24.  Xo.  2,045.  Admitted  March  13,  1899. 
Average  uneventful  course.  At  end  of  defervescence  sudden,  severe  pain  in  right 
side  of  chest.  Three  days  later  severe  pain  in  toes  of  both  feet,  lasting  several 
days.    Xo  other  signs  of  phlebitis. 

Case  39. — J.  D.,  female,  aged  53.  Xo.  2,807.  Admitted  Aug.  31,  1899.  Xormal 
and  uneventful  course  until  September  24;  then  at  2  a.  m.  sudden  collapse  with 
rapid  breathing,  weak  pulse  and  cold  sweat.     Gradual  improvement.     October  1. 
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>■  pain  in  left  side  of  chest,  requiring  morphin.  Next  day,  dulness, 
bronchial  breathing  and  crepitant  rales  over  lower  part  of  left  lung  behind.  Signs 
iii-appeared  in  five  days.  October  8.  severe  pain  in  right  hypochondrium.  October 
18,  severe  pain  in  right  side  of  chest.  lasting  several  days.  Temperature  up 
during  each  of  the  pulmonary  attacks.     Xo  notes  indicating  phlebitis. 

,  Case  40.— A.  P..  female,  aged  32.  Xo.  2.SS8.  Admitted  Sept.  18,  1S00.  Dur- 
ing fourth  week  chill,  and  on  following  day  dulness,  bronchial  breathing  and  many 
rales  over  right  lower  lobe  posteriorly.  Two  more  eliills  on  next  day.  Three  days 
later  sudden  death.     No  mention  of  phlebitis.     Xo  autop.-y. 

Case  41.— S.  X.,  male,  aged  10.  No.  4,567.  Admitted  Oct.  7,  1000.  Severe, 
protracted  course.  Temperature  reached  normal  Xovember  0.  Eose  abruptly 
Xovember  15,  without  apparent  cause  and  remained  up  for  several  days.  Decem- 
ber 1,  chill  with  rise  of  temperature  to  100  F. ;  down  next  day.  December  3,  two 
chills.  December  5,  sharp  pain  in  right  side  of  chest,  cough  and  many  fine  rales 
at  right  base  and  in  lower  part  of  right  axilla.  Pain,  cough  and  pulmonary  Bigns 
lasted  for  ten  days.  Temperature  high  and  irregular  for  some  days  longer  and 
then  fell  gradually.    No  mention  of  phlebitis. 

Case  42.— J.  N.,  male,  aged  34.  Xo.  0,355.  Admitted  Oct.  7.  1901.  Ran  a 
moderate  course,  the  temperature  reaching  normal  on  October  20,  and  remaining 
so  until  October  23.  On  this  day  it  rose  somewhat.  On  the  next  it  reached  103 
F.,  and  there  was  pain  referred  to  the  upper  part  ol  the  abdomen.  On  October  25 
the  pain  was  localized  in  lower  part  of  left  axilla  and  a  pleuritic  friction  rub  was 
present.  October  28,  chill.  October  29,  temperature  still  high,  troublesome  cough 
and  signs  of  a  small  area  of  consolidation  near  spine  of  left  scapula.  On  the  fol- 
lowing day  most  of  these  signs  had  disappeared.  Temperature  reached  normal  on 
Xovember  4.    Xo  mention  of  phlebitis. 

Case  43.— T.  C,  male,  aged  20.  Xo.  8.233.  Admitted  Sept.  30,  1902.  General 
condition  good;  lungs  clear.  On  twentieth  day  (October  5)  pain  in  left  side  of 
chest  and  friction  rub.  Two  days  later  signs  of  fluid.  Turbid,  Beroua  fluid 
removed  from  left  chest.  More  fluid  removed  on  October  10  and  12.  October  13, 
5  p.  m.,  patient  died,  apparently  suddenly  and  unexpectedly.  No  autopsy.  Xo 
mention  of  phlebitis. 

Cash  44.— F.  X..  m  26.    No.  8,480.    Admitted  Nov.  20,  1902.  ,  hate  in 

the  disease   -udden  pulmonai  with   cough  and  bloody  sputum.     Then   a 

"relapse,"  during  which  there  were  several  chills  and  sweats.    No  notes  indicating 
phlebitis. 

cASK  .|.-,._k.  E.,  female,  aged  43.  No.  s.s72.  Admitted  Jan.  31,  L903.  De- 
veloped typhoid  while  in  hospital.  On  thirteenth  day  (March  22)  cough,  expira- 
tory grunt  and  small  area  of  dub  fie  of  lefl  Bcapula.  Several  days 
later  Bigns  of  consolidation  ai  right  base.  Borne  tim<  later,  after  temperature  had 
reached  normal,  had  a  "relapse"  with  Blight  rise  in  leukocytes  (10,000)  bu1  no 
to  indicate  presence  of  phlebil  is. 

46.— K.    R.,   female,  aged   26.     No.   9,115.     Admitted    March    14,   1903. 
Severe  bul  uneventful  course.    Temperature  reached  normal  April   18.     One  w< 
later  temperature  rose  again  withoul  discoverable  cause.     Leukocytes  9,000.     May 
4,  suddiTi  onset  at  night  of  Bevere  pain  In  lefl  hypochondrium.    This  pain  lasted 

ral  days,  was  made  worse  by  deeping  breathing  or  coughing.    The  f. 
tinned  for  Borne  days  afteT    ubsidence  <>f  the  thoracic  symptoms.     No  other  indi- 
caJ  ions  of  phlebil  is. 

Case  47. — W.  K..  male,  aged  27.     No.  9,979.     Admitted  Oct.  S,  1903.     Fairly 
re  course.    On  eighteenth  day  (October  5)  sudden,  Bevere  pain  in  right  axilla, 
followed  next  day  by  friction  sounds  In  the  Bame  region.    These  Bigns  lasted  for 
'••n  d  G    'dual  defervescence.     No  notes  Indicating  phlebitis. 

i  .   i:     \..  female,  aged    19.     No.   10,002.     Admitted  Oct.  7.   1008. 
rate  course.    Temperature  had  been  almosl  norma]  for  several  days  when  on 
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October  IS,  it  rose  again  and  ran  a  high  and  irregular  course  for  some  weeks. 
October  20.  Severe  pain  in  right  side  of  chest  and  many  fine  rales  in  axilla. 
Next  day  cough  and  bloody  sputum.  Leukocytes  19,000.  October  25,  still  spit- 
ting up  blood.  Signs  of  consolidation  in  right  interscapular  region.  October  26. 
Sudden  collapse  with  pallor,  feeble  pulse,  etc.  October  27.  Severe  pain  in  right 
upper  quadrant  of  abdomen,  with  course  friction  rubs  at  base  of  right  lung.  Cough 
and  bloody  sputum.  November  9.  Severe  pain  in  left  side  abdomen,  with  pleuritic 
rales  in  left  axilla.  Cough  with  occasional  bloody  sputa  continued  some  days 
longer.     Eventual  recovery.     No  notes  to  indicate  phlebitis. 

Case  49.— C.  W.,  female,  aged  24.  No.  10,181.  Admitted  Nov.  27,  1903.  Mild 
course.  By  December  5,  temperature  had  fallen  to  about  100  F.  December  6. 
Sudden  pain  in  back,  difficulty  in  breathing  and  rise  of  temperature.  The  next 
day  the  pain  had  become  localized  in  left  side  of  chest  and  was  intense.  Temp. 
105  F.,  respiration  48,  pulse  140.  Leukocytes  13,000.  December  8.  Bronchial 
breathing  and  voice  over  upper  part  of  left  lower  lobe,  with  dulness,  diminished 
breathing  and  fine  rales,  at  the  base.  By  December  11,  the  signs  of  consolidation 
had  disappeared  and  the  general  condition  was  much  improved.  Two  weeks  later 
patient  began  to  have  small,  bloody,  mucous  stools  with  much  pain  and  tenesmus 
(thrombosis  of  hemorrhoidal  veins?).     No  other  indications  of  phlebitis. 

Case  50.— J.  L.,  female,  aged  16.  No.  13,337.  Admitted  Dec.  28,  1905.  Fairly 
severe  course.  Troublesome  cough  for  several  days  during  fifth  week.  Later  an 
apparent  relapse  and  during  this,  signs  of  pleurisy  with  effusion  at  left  base.  No 
leg  symptoms. 

Case  51. — J.  R.  L.,  female,  aged  28.  No.  13,373.  Admitted  Jan.  4,  1906. 
Very  severe  course.  Late  in  the  disease  signs  of  consolidation  in  right  lower  lobe, 
with  chills  and  marked  leukocytosis.     Rapid  resolution.     No  leg  symptoms. 

Case  52.— L.  I.,  male,  aged  38.  No.  13,440.  Admitted  Jan.  19,  1906.  Mild 
attack.  January  25.  Began  to  have  burning  pain  starting  just  below  and  inside 
left  shoulder  and  extending  down  forearm  to  hand,  with  inability  to  flex 
thumb  and  index  finger.  From  February  6,  to  February  13,  profuse  sweats  every 
night.  February  15.  Sharp  pain  in  right  side  of  chest  on  breathing,  with  dry 
rales  on  inspiration.  The  temperature  after  being  normal  for  a  week  began  to 
rise  on  January  31  and  remained  elevated  for  three  weeks.  The  pain  in  the  arm 
lasted  for  seA-eral  weeks. 

Case  53.— A.  M.,  female,  aged  22.  No.  14,128.  Admitted  July  18,  1906. 
Moderate  course.  At  end  of  fourth  week,  with  temperature  almost  normal,  pain, 
and  signs  of  dry  pleurisy  in  left  side  and  rise  of  temperature.  Ten  days  later 
(August  10)  signs  of  dry  pleurisy  at  base  of  right  lung.  August  13,  sudden 
severe  pain  in  left  side  of  chest  and  left  shoulder,  with  a  few  crepitant  rales  in 
left  axilla.    No  further  symptoms.    Rapid  recovery.    No  notes  indicating  phlebitis. 

Case  54.— L.  G.,  female,  aged  25.  No.  14,211.  Admitted  Aug.  10,  1906.  Mod- 
erate course  and  long  relapse.  Toward  the  end  of  this  signs  of  consolidation  at 
base  of  right  lung.     Death.     No  autopsy.     No  indications  of  phlebitis. 

Case  55.— W.  M.,  male,  aged  18.  No.  14,528.  Admitted  Nov.  2,  1906.  Mod- 
erate course.  At  end  of  fourth  week,  with  temperature  low  but  unsteady,  symp- 
toms of  severe  plastic  pleurisy  at  base  of  right  lung  which  lasted  for  one  week. 
No  notes  indicating  phlebitis. 

Case  56.— H.  S.,  male,  aged  21.  No.  14,625.  Admitted  Nov.  26,  1906.  Fairly 
severe  course.  During  third  and  fourth  weeks  signs  and  symptoms  of  plastic 
pleurisy  over  lower  half  of  right  chest.  Temperature  reached  normal  about  Decem- 
ber 24,  and  remained  so  until  January  1,  when  it  rose  suddenly  to  104,  remained 
high  for  several  days  and  gradually  fell  to  normal.  No  apparent  cause  for  the 
rise.     No  notes  indicating  phlebitis. 

Case  57.— S.  Q.,  male,  aged  25.  No.  14,830.  Admitted  January  21,  1907. 
Severe  protracted  course.  At  end  of  fourth  week  (January  28)  with  temperature 
falling,  sudden,  very  severe  pain  in  right  chest  with  rise  of  temperature  and  signs 


550  IRCHIVEB     OF     INTERNAL      UEDICINE 

of  consolidation  in  right  interscapular  region.  Xo  change  in  leukocytes  (7,000). 
Temperature  reached  normal  February  2.  and  remained  down  until  February  7. 
It  then  rose  rapidly  to  104  F.,  remained  high  for  one  week  and  gradually  fell. 
Later  there  was  another  transient  rise.  Nothing  found  to  explain  the  tempera- 
ture.    Xo  notes  indicating  phlebitis. 

-  Case  58.— I.  M.,  male,  aged  16.  Xo.  14,903.  Admitted  Feb.  8,  1907.  Mod- 
erate course,  uneventful  until  February  19,  at  which  time  temperature  had  fallen 
almost  to  normal.  Then  sudden  pain  in  left  chest.  A  few  hours  later  had  a  chill 
with  moderate  rise  of  temperature.  Four  days  later,  when  temperature  had  again 
become  normal,  dulness  at  left  base  with  riles.  Two  days  later  sudden  transient 
rise  of  temperature  to  105  F.  without  apparent  cause.  Rules  persisted  for  some 
days.     Xo  signs  of  phlebitis. 

,  >ASE  -,o.— F.  P.,  female,  aged  26.  Xo.  15,174.  Admitted  April  3,  1907.  Severe 
course.  On  twentieth  day  (April  10)  dulness,  bronchial  breathing  and  voice  and 
crepitant  rales  over  both  lobes  posteriorly.  Signs  lasted  one  week.  Defervescence 
by  lysis.  Xo  material  rise  in  leukocytes.  Blow  convalescence.  Xo  signs  of 
phlebitis. 

Case  60. — A.  B.,  male,  aged  27.    Xo.  15,514.     Admitted  June  18,  1907.    Rather 

mild  course.     Temperature  reached  normal  on  June  28,  and  remained  so  until 

July  2.    Then  pain  in  right  axilla,  cough  and  "brownish  viscid  sputum"  with  rise 

mperature.     Later  signs  of  fluid.     After  temperature  had  reached  normal  it 

rose  again  for  a  day  or  two  without  evident  cause.    Xo  signs  of  phlebitis. 

Case  61.— C.  A.  EL,  male,  aged  32.  Xo.  17.579.  Admitted  Oct.  31,  1908. 
Moderately  severe  course.  Temperature  gradually  fell  to  normal  and  remained 
down  for  four  days;  then  (November  24)  began  to  rise.  Pain  in  left  side,  and 
dulness,  diminished  breathing  and  friction  rubs  at  base  of  left  lung.  Signs  of 
pleurisy  and  cough  lasted  two  or  three  weeks.  Temperature  fell  gradually.  No. 
•notes  indicating  phlebitis. 

Case  62.— M.  IT.,  male,  aged  40.  Xo.  18,820.  Admitted  Sept.  23,  1909,  on 
eleventh  day  of  disease.  Complained  of  pains  in  legs  before  admission.  Slight 
pretibial  edema.  Uneventful  course  until  October  20.  Temperature  running  below 
L01  P.  Then  rise  of  temperature  and  pain  in  lower  part  of  left  chest  with.  later, 
pleuritic  friction  rubs  over  same  region.     Xo  signs  of  phlebiti-.  ' 

Case  63-  <:.  P.,  male,  aged  24.  Xo.  179.810.  Admitted  November  5.  on 
twenty  second  day  of  illness.  Severe  course,  uneventful  until  November  16.  Then 
sudden  pain  in  right  axilla,  followed  by  friction  sounds,  cough  and  abundant 
"frothy,  blood  streaked  sputum."  November  20.  Pain  and  friction  Bounds  now 
in  both  axillae.  Cough  and  bloody  -putmn  persisted.  Temperature  continued  high 
and  irregular.  Two  weeks  later  signs  of  Bmall  pulmonary  abscess  in  left  lower 
lobe.     Operation.     Death.     No  autopsy.     No  evidence  of  phlebitis. 

THE  RELATION  OF  THE   LATE   Ml  LTIPLE  CHILLS  OF  TYPHOID 
TO  THBOMBOPB  LEBITIS 

In  Btudying  the  cases  of  typhoid  with  a  view  to  ascertaining  the 
mutual  relations  between  phlebitis  and  pulmonary  and  pleural  complica- 
tions, ii  boou  became  evidenl  thai  in  the  cases  complicated  by  phlebitis 
the  occurrence  of  chills  was  so  frequenl  ae  to  call  for  investigation;  more 

cially,  as  in  mosi  cases  such  ••hills  were  multiple.  These  multiple 
chills  of  the  later  weeks  of  typhoid  have  oeveT  received  a  satisfactory 
explanation.  Aiter  eliminating  the  rare  instances  of  true  malarial  chills, 
and  those  seen  in  the  course  of  pyelitis  and  other  recognizable  complica- 
tions, there  remain  a  considerable  Dumber  of  i  ases  of  protracted  typhoid 
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in  which  the  latter  weeks  of  the  course  are  punctuated  by  a  succession  of 
abrupt  violent  rises  of  temperature,  associated  usually  with  chills  and 
followed  often  by  sweats.  For  these  disturbing  symptoms  usually  no 
adequate  cause  can  be  found,  and,  although  the  blood-cultures  are  uni- 
formly negative  and  the  leukocytes  frequently  show  no  significant  change, 
these  obscure  cases  are  apt  to  be  regarded  as  instances  of  post-typhoid 
sepsis.  A  further  characteristic  feature  of  these  cases,  in  my  own  expe- 
rience, is  that  they  all  ultimately  recover. 

Among  the  total  number  of  cases  of  typhoid  fever  reviewed,  multiple 
chills  occurred  in  twenty  instances.  In  sixteen  of  these  twenty  cases 
(80  per  cent.)  there  were  well  marked  signs  of  thrombophlebitis.  In 
every  one  of  the  four  cases  in  which  no  signs  of  phlebitis  were  observed 
there  were  pulmonary  symptoms  strongly  suggestive  of  pulmonary  embol- 
ism (see  Cases  40,  41,  44  and  51).  In  ten  of  the  sixteen  cases  with 
phlebitis,  also,  there  were  symptoms  of  pulmonary  embolism.  Some- 
times the  chills  would  coincide  with  the  onset  of  the  pulmonary  symp- 
toms; occasionally  they  would  synchronize  with  a  fresh  exacerbation  of 
the  phlebitis,  but  frequently  they  occurred  without  other  symptoms  and 
without  apparent  reason.  In  seven  cases  all  the  chills  occurred  before, 
any  of  the  signs  of  phlebitis  were  apparent.  Four  of  the  cases  have 
already  been  cited  (Cases  2,  9,  24  and  36)  ;  the  others  follow: 

Case  64.— C.  G.,  male,  26  years  old.  No.  8,488.  Admitted  Nov.  22.  1902.  on 
sixth  day  of  illness.  Moderate  course.  By  November  27  temperature  had  fallen 
to  100  to  102  F.  This  continued  until  December  3  when  temperature  began  to  run 
higher.  Chills  occurred  on  December  7,  8,  10,  11  and  12.  On  December  31  patient 
complained  of  pain  in  calf  of  right  leg  and  three  days  later  there  was  tenderness 
over  the  calf,  in  the  popliteal  space  and  over  the  upper  portion  of  the  femoral  vein. 
The  temperature  which  had  been  about  normal  for  some  days  began  to  rise  on 
January  1  and  remained  elevated  for  two  weeks.  Meantime  there  were  symptoms 
of  extensive  phlebitis  of  the  right  thigh  and  leg  with,  ultimately,  slight  edema. 
No  pulmonary  symptoms. 

Case  65.— C.  K.  W.,  male,  aged  48.  No.  12.626.  Admitted  June  21.  1905, 
on  fifteenth  day  of  disease.  Fairly  severe  course.  Between  July  1  and  4  there 
were  five  chills,  occurring  without  known  cause,  and  during  this  time  the  leuko- 
cytes ranged  between  4,000  and  5,300.  On  July  7  the  right  leg  became  painful 
and  swollen  and  there  was  tenderness  over  the  course  of  the  femoral  vein.  On 
July  12  the  left  leg  became  similarly  involved.  No  further  chills,  no  pulmonary 
symptoms. 

Case  66. — J.  V.,  male,  aged  16.  No.  17,160.  Admitted  July  19,  on  seventh  day 
of  illness.  Moderately  severe  course.  On  July  22  and  23  severe  intestinal  hem- 
orrhages. On  July  24,  25  and  29  chills  without  apparent  cause.  August  2,  "Lungs 
clear  except  for  scattered  rales."  Course  uneventful  until  August  23  when  there 
appeared  signs  of  phlebitis  in  left  groin.  These  later  involved  the  left  leg  and 
were  associated  with  edema.    No  pulmonary  symptoms. 

In  six  instances  the  chills  took  place  both  before  and  during  the 
obvious  manifestation  of  phlebitis,  Cases  3,  6  and  13,  and  the  following : 

Case  67.— J.  H.  J.,  male,  aged  24.  No.  2,634.  Admitted  July  26,  1899;  on 
twentieth  day  of  disease.  Severe  course.  Very  sick  and  delirious  for  a  number 
of  davs.     Between  Julv  31  and  August  15  there  were  six  chills.     On  August  17 
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symptoms  of  phlebitis  appeared  in  left  lejr  and  a  few  day-  later  in  the  right 
Further  chills  occurred  on  August  27  and  20  and  September  2  and  G.   The  phlebitis 
ran  a  Ion;:,  severe  course.    No  notes  of  any  pulmonary  complications. 

i  A.SE  e,s._o.  H.,  male,  aged  32.  Xo.  4,110.  Admitted  July  4,  1900;  on  four- 
teenth day  of  disease.  Moderate  course.  July  15  chill  with  rise  of  temperature 
to  105  F.  During  next  three  days  gradual  fall  in  fever  to  100  F..  then  (July  19) 
dull  and  rise  to  105  F.  After  that  the  temperature  continued  high  for  some  day-. 
July  23,  pain  and  tenderness  over  upper  part  of  left  internal  saphenous  vein  and 
five  days  later  signs  of  involvement  of  femoral  on  same  side.  Between  July  24 
and  31  five  further  chills.     Slow  convalescence.     No  pulmonary  symptoms. 

<  w:  CO.— R.  F..  female,  aged  20.  Xo.  12,894.  Admitted  Aug.  29..  1905.  on 
:  day  of  disease.  Fairly  severe  course.  September  13  (Nurse's  note)  "Com- 
plain- of  pain  in  feet.  Left  foot  and  ankle  considerably  swollen."  From  Septem- 
ber 13  to  October  1  patient  had  almost  daily  chill-  without  obvimi<  o:iu<e.  Blood 
cultures  were  sterile,  there  was  no  rise  in  the  leukocyte-  and  physical  examination 
of  the  chest  was  negative  except  for  scattered  sibilant  and  sonorous  sounds.  On 
•mber  19  a  tender,  elongated  mass  could  be  fell  oyer  the  upper  part  of  the 
left  femoral  vein  and  there  was  Blight  edema  of  both  ankles.  The  symptoms  soon 
subsided  and  it  was  not  until  October  25,  after  the  patient  had  Wn  Bitting  up  for 
a  few  days,  that  frank  -yniptoms  of  milk  leg  appealed.     No  pulmonary  symptoms. 

In  three  cases  the  chills  did  ir  until  after  the  phlebitis  had 

ired  itself.     (Cases  21,  23  and  25  ). 

In  view  of  the  fact  that,  in  80  per  cent,  of  the  cases  of  typhoid  marked 
by  the  occurrence  of  multiple  chills  of  unknown  cause,  there  was  presenl 
also  thrombophlebitis,  find  of  the  further  fact  that  in  all  of  the  few 
remaining  cases,  in  which  no  phlebitis  was  recognized,  there  occurred 
symptoms  suggestive  of  pulmonary  embolism,  it  is  difficult  to  escape  the 
conclusion  that  these  obscure  "post-typhoid"  chills  bear  some  very  di 
relation  to  the  thrombotic  process  in  the  peripheral  veins.  Just  what 
that  relation  is,  in  every  ease,  it  may  not  be  easy  to  say.  Sudi  rigors 
bably  not  always  due  l"  the  same  cause.  It  is  nol  uncommon  for 
;i  chill  to  accompany  the  onset  of  symptoms  of  phlebitis  of  a  Large  vein 
or  to  mark  .the  sudden  extension  of  such  a  phlebitis;  but  these  are  usually 
only  single  chills  and  this  explanation  fails  entirely  t<»  accounl  (<>v  the 
very  characteristic  type  of  cases  we  arc  considering  in  which  chills  may 
have  been  occurrinur  almost  daily  for  two  or  three  weeks  before  any 
symptoms  of  phlebitis  have  appeared.  A  good  many  of  the  chills 
occ  ■  ultaneously  with  the  onsel  of  symptomE  of  pulmonary  embol- 

.  but  in  these  same  e;i  of  the  chills  would  lake  place  without 

such  pulmonary  symptoms,  and  the  question  arises  as  t"  whether  a  rigor 
may  nol  ;it  times  be  the  only  recognizable  symptoms  <<\'  the  lodgment  «>f 
a  tiny  embolus.  Gerhardt,"  in  hi-  clas  ical  description  of  the  hemor- 
igic  infarct,  say.-:  "The  ad  "f  embolism  can  pass  almost  or  quite 
without  Bymptoms  when  email  fragments  of  dot  eider  a  sound  lun 

re  marked  dyspnea  already  exists."     Be  also  speak-  of  a  chill  as  a 


12.  Gerhardl 
\m.  91. 
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frequent  symptom  of  embolism.  Even  on  the  assumptom,  however,  that 
some  of  the  chills  which  appear  without  accompanying  pulmonary  symp- 
toms may  be  due  to  tiny  emboli,  the  problem  does  not  seem  to  be  alto- 
gether solved ;  for  occasionally  a  case  is  met  with  in  which,  although  there 
are  many  chills,  there  are  no  pulmonary  symptoms  with  any  of  them.  It 
seems  very  unlikely  that  twelve  or  fifteen  attacks  of  pulmonary  embolism 
should  occur  without  some  of  them  presenting  characteristic  symptoms 
or  physical  signs.  For  such  cases  it  must  be  acknowledged  that  there  is, 
at  present,  no  satisfactory  explanation. 

The  literature  contains  a  good  deal  of  evidence  in  support  of  the 
view  that  the  late,  multiple  chills  of  typhoid  bear  some  .constant  relation 
to  thrombophlebitis;  although  this  relation  appears  never  to  have  been 
fully  recognized.  The  reason  for  this  seems  to  lie  in  the  fact  that  the 
chills  often  begin  two  or  three  weeks  before  the  usual  symptoms  of 
phlebitis  appear.  Herringham13  recorded  six  cases  of  multiple  chills.  In 
four  of  these  the  existence  of  thrombosis  was  recognized  and  in  one  other 
the  symptoms  as  described  strongly  suggest  thrombosis.  Saw14  reports 
two  typical  cases  of  "septic"'  chills,  in  both  of  which  there  was  venous 
thrombosis  and  in  one  also,  a  late  and  severe  pulmonary  embolism. 

Leclerc15  and  Howland16  each  report  a  case  of  multiple  chills  accom- 
panied by  thrombophlebitis. 

Thayer3  found  that  in  28  per  cent,  of  his  cases  of  venous  thrombosis 
complicating  typhoid  there  were  chills,  and  adds :  "In  the  past  two  years 
I  have  seen  in  consultation  three  further  cases  in  which  otherwise  unac- 
countable chills  during  convalescence  from  typhoid  fever  were  followed 
by  a  complicating  thrombosis." 

THE   RELATION"   OF  THE  SYMPTOM!   OF   "TEXDER  TOES"  TO 
THROMBOPHLEBITIS 

The  study  of  the  cases  of  phlebitis  complicating  typhoid  fever  brought 
out  the  further  fact  of  the  frequent  association  of  such  cases  with  the 
interesting  symptom  known  as  "tender  toes."  This  condition  of  painful 
and-  exquisitely  tender  toes  is,  as  is  well  known,  an  occasional  com- 
plication of  typhoid  and  always  appears  late  in  the  disease  or  during 
convalescence.  -It  is  commonly  regarded  as  a  neuritis  of  the  plantar 
nerves  although,  in  many  instances,  the  transient  character  of  the  symp- 
toms,  as  well  as  the  lack  of  trophic  changes,  suggests  that  the  process  can 


13.  Herringham:   On  Eigor  and  Collapse  in  Typhoid  Fever.     St.  Bart's  Hosp. 
Rep.,  1896,  xxxii,  107. 

14.  Saw:   Septic  Phlebitis  and  Thrombosis  of  the  Femoral  Vein  Complicating 
Typhoid  Fever.    Med.  Press  and  Circ,  1897,  lxiv,  453. 

15.  Leclerc:   Fievre  typholde,  etc.,  Lyon  med.,  1889,  Ixii,  289. 

16.  Howland:      A  Case  of  Typhoid  Fever  with  Repeated  Chills.     Med.  News, 
1904,  lxxxv,  820. 
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hardly  be  an  actual  neuritis.  Among  the  1,5  I11  cases  of  typhoid  reviewed 
this  complication  is  recorded  twenty-two  times.  In  twelve  of  these  cases 
(55  per  cent.)  there  was  also  the  complication  of  phlebitis  of  the  legs. 
In  seven  of  the  cases  the  tenderness  of  the  toes  was  complained  of  before 
the  appearance  of  the  symptoms  of  phlebitis;  in  five  cases  the  signs  of 
phlebitis  appeared  first.  Nine  of  these  twelve  instances  of  the  association 
of  tender  toes  with  manifest  phlebitis  have  already  been  cited  (Cases  4. 
5,  7,  12,  22,  24,  25,  35  and  69).    The  remaining  three  are  given  below: 

Case  70.— P.  B.,  male,  aged  21.  No.  1,278.  Admitted  Oct.  4.  1808.  on  tenth 
day  of  disease.  Average  course.  Temperature  reached  normal  October  28.  On 
October  20  first  complained  of  "tenderness  of  toes."  Allowed  up  in  chair  on 
November  2.  Next  day  pain  in  left  leg  and  on  following  day  pain,  tenderness  and 
swelling  in  left  calf.     Xo  temperature  with  the  phlebitis. 

Case  71.— F.  P.  S.,  male,  aged  37.  No.  11.735.  Admitted  Dee.  8,  1904,  on  fif- 
teenth day  of  disease.  Moderate  course.  Temperature  fell  rapidly  to  100  F.  on 
December  24,  then  rose  slightly  for  five  days,  then  fell  to  normal.  From  December 
27  to  31  patient  had  pain  and  tenderness  in  left  foot  and  toes.  January  2  signs 
of  phlebitis  in  left  thigh  and  calf. 

I  A-|;  72.— P.  E.  C.  female,  aged  10.  Xo.  17,290.  Admitted  Aug.  10,  1008,  on 
tenth  day  of  disease.  Temperature  reached  normal  by  August  27.  On  August  30 
the  temperature  rose  Blightly  and  remained  somewhat  elevated  for  several  days. 
On  August  :;i  there  was  in  in  t lie  left  groin  and  upper  part  of  thigh  with 

all  the  usual  symptoms  of  femoral  and  popliteal  phlebitis.  For  the  period 
of  a  week  after  the  onset  of  these  symptoms  there  was  pain  and  tenderness  in  the 
sole  of  the  left  foot,  toes  and  heel. 

In  addition  to  the  above-menl  of  tender  toes  there  were 

several  cases  of  phlebitis  in  .which  pain  and  tenderness  of  the  heel  were 
the  firsi  indications  of  phlebitis  in  that  leg. 

TENDEB  TOES  WITHOUT  SIGNS  OF  PHLEBITIS 

An  analysis  of  the  ten  cases  of  tender  toes  in  which  there  was  none 
of  the  usual  evidences  of  phlebitis  shows  that  in  seven  of  these  there  was 
al  tlir  time  of  the  appearance  of  the  painful  and  tender  toes  an  irregular 
and  unaccountable  post-typhoid  febrile  movement.  In  One  of  the  three 
remainirj  there  were  the  symptoms  of  pulmonary  embolism. 

Case  73.— W.  EL  S..  male,  aged  24.  No.  1,043.  Admitted  Sept.  5,  1898.  Severe 
course.  Temperature  reached  normal  on  Septembei  20.  On  September  22  began 
to  complain  of  Bevere  pain  and  tenderness  <>f  feet  and  toes  which  la-ted  for  Borne 
days.  September  24,  temperature  rose  to  102  P.  and  fell  1<>  normal  next 
Later  patient  ran  a  high  and  irregular  temperature  for  twelve  days,  with  no 
apparent   c 

M.   EL,   female,  aged   24.  •       Admitted   March    L8,   1899. 

erature  reached   normal   March  26.     <>n   March  24  Budden 

pain  in  righl   Bide  of  che  t.     March  27  and  for  several  days  thereafter  pain  and 

tenderne  of  both  feet.     No  temperature.     No  notes  indicating  phlebitis. 

K.    B.,   i  8,278.      Admitted  1901. 

Protracted  hut  not  I  normal  1 

i  and  ten  ■ '  ■  both 

internal  plantar  nei  dally  the  left."    No  evidence  of  phlebitl 
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Case  76.— B.  E.,  male,  aged  28.  No.  6,307.  Admitted  Oct.  1,  1901.  Protracted 
course.  Two  early  and  small  hemorrhages.  On  October  14,  first  complained  of 
tenderness  of  feet,  especially  on  pressure.  Between  this  date  and  November  17 
there  are  several  references  to  the  continued  tenderness  and  pain  in  the  feet. 
On  the  nights  of  November  4  and  5  there  were  severe  paroxysms  of  coughing. 
On  November  26  there  were  local  applications  to  the  legs — apparently  because  of 
pain.  After  October  16  the  temperature  ran  a  high  and  irregular  course.  On 
October  23  there  was  a  sudden  rise  to  106.8  F.  It  reached  normal  first  on  Novem- 
ber 11  but  did  not  remain  constantly  so  until  November  30. 

Case  77.— B.  B.,  female,"  aged  44.  No.  6,374.  Admitted  Oct.  11,  1901.  Short, 
mild  course.  On  admission  "slight  edema  of  the  extremities."  Between  October 
21  and  24  severe  pain  and  tenderness  in  toes  and  soles  of  both  feet.  No  further 
symptoms. 

Case  78.— M.  S.,  male,  aged  24.  No.  7,800.  Admitted  July  14,  1902.  Mod- 
erate course.  Defervescence  complete  by  August  4.  On  August  11  began  to  have 
pain  and  tenderness  in  toes  of  right  foot  which  lasted  eight  or  nine  days.  With 
this  there  was  a  slight  rise  of  temperature  for  three  days.     No  other  symptoms. 

Case  79.— B.  S.,  female,  aged  22.  No.  9,828.  Admitted  Aug.  22,  1903.  Long, 
severe  course.  Severe  bronchitis  during  the  early  weeks.  On  September  6,  first 
complained  of  tenderness  of  toes.  September  8,  slight  edema  of  feet  and  tender- 
ness low  in  the  right  iliac  fossa  but  no  tenderness  over  either  femoral  vein.  The 
pain  and  tenderness  in  the  toes  was  present  almost  constantly  for  the  next  two 
months.  The  temperature  which  had  gradually  fallen  to  about  100  F.  began  on 
September  17  to  rise  again  and  then  ran  a  high  and  irregular  course  for  the  next 
six  weeks  without  any  local  symptoms. 

Case  80.— C.  G.  F.,  male,  aged  30.  No.  12,904.  Admitted  Aug.  31,  1905. 
Course  of  average  severity.  During  convalescence  and  with  normal  temperature 
complained  for  several  days  of  tenderness  of  toes.  No  rise  of  temperature.  No 
other  symptoms. 

Case  81.— G.,  male,  aged  14.  No.  9,668.  Admitted  July  10,  1903.  Fairly 
severe  course.  On  twenty-third  day  first  complained  of  soreness  of  toes  and 
soles  of  feet.  The  tenderness  and  pain  was  very  troublesome  for  four  days  and 
then  disappeared.    Later  a  short  "relapse."    No  other  signs  of  phlebitis. 

Case  82.— C.  E.,  female,  aged  20.  No.  10,858.  Admitted  May  6,  1904.  Mild, 
initial  attack,  followed  by  severe,  prolonged  relapse.  During  this  complained  of 
tenderness  of  toes  and  feet.  Following  this,  prolonged,  irregular,  but  not  high 
temperature.     No  notes  indicating  phlebitis. 

From  the  foregoing  facts  one  is,  of  course,  not  justified  in  accepting 
as  proven  the  causal  relation  between  phlebitis  and  the  symptoms  of 
tender  toes;  and  yet  the  association  of  the  two  conditions  is  much  too 
frequent  and  striking  to  warrant  the  assumption  that  this  association  is 
merely  a  fortuitous  one.  It  seems  unlikely  that  thrombosis  and  inflam- 
mation of  the  small  veins  of  the  foot  should  of  themselves  produce  the 
symptoms  under  discussion.  It  seems  to  me  more  probable  that  there  is 
first  a  thrombosis  of  one  or  more  of  the  veins  in  the  region  of  the  heel 
and  that  the  subsequent  periphlebitic  exudate  may  in  some  cases  be 
sufficient  to  irritate,  or  actually  to  cause,  an  inflammation  of,  the 
adjacent  plantar  nerves.  A  moment's  reference  to  any  good  anatomical 
plate  of  the  deeper  structures  of  the  sole  of  the  foot  will  show  how  very 
close  is  the  approximation  of  the  two  plantar  arteries,  with  their  vena* 
comites,   to   the    corresponding   internal    and   external   plantar    ner 
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Especially  at  the  heel,  where  the  posterior  tibial  artery,  with  it?  veins. 
curves  over  the  astragalus  to  reach  the  sole  of  the  foot,  the  vessels  and 
nerves  are  in  very  close  contact.  There  also  it  seems  likely  that  the 
angular  bend  in  the  veins  may  predispose  to  the  development  of  throm- 
bosis and  phlebitis.  This  hypothesis  receives  clinical  support  from  the 
fact  that  pain  and  tenderness  of  the  heel  are  not  uncommon  symptoms  in 
thrombophlebitis. 

It  seems  to  me  quite  possible  that  some  or  most  of  the  cases  of 
localized  neuritis  which  complicate  typhoid  fever  may  be  found  to  be  due 
to  periphlebitic  inflammation  from  some  adjacent  thrombosed  vein ;  for 
in  all  the  extremities  the  deep  vessels  and  nerves  are  generally  found  in 
close  proximity  to  each  other.  In  Case  9  of  this  series,  in  which  there 
was  phlebitis  of  the  left  femoral  and  popliteal  veins,  there  was  evidently 
an  associated  neuritis,  as  shown  by  the  weakness  of  the  anterior  tibial 
group  of  muscles  in  the  affected  leg. 

THE   TEMPERATUBE  IN  THROMBOPHLEBITIS 

\  febrile  movement  of  some  degree  was  present  in  all  but  about  10 
per  cent,  of  the  cases  of  thrombophlebitis.  In  a  majority  of  the  cases  the 
temperature  rose  with  the  appearance  of  the  signs  of  thrombosis  of  a 
large  vein.  Not  infrequently,  however,  the  febrile  movement  began 
several  days  or  even  longer  before  any  of  the  usual  symptoms  of  throm- 
bosis had  appeared.  Every  possible  variation,  as  regards  time  of  appear- 
ance, duration,  severity,  type,  etc.,  was  encountered,  in  studying  the 
behavior  of  the  temperature  in  the  cases  of  typhoid  complicated  by 
phlebitis.  In  a  number  of  the  cases  there  was  fever  for  some  days 
preceding  the  appearance  of  signs  of  phlebitis,  but  no  fever  afterward. 
In  others  the  temperature  rose  only  after  the  phlebitis  had  been  manifest 
for  several  days.  The  vagaries  of  the  temperature  curve  arc  well  shown 
iirthe  cases  cited  in  the  section  relating  to  multiple  chills.  In  a  good 
many  of  the  cases  after  the  period  of  typhoid  defervescence  bad  become 
nearly  or  quite  complete  the  temperature  would  rise  again  and  then  run 
a  long  and  irregular  course,  in  the  midst  of  which,  at  some  time,  appeared 
the  signs  of  venous  thrombosis.  Sometimes  Ibis  post-typhoid  fever  was 
'accompanied  by  chills;  sometimes  there  were  sudden,  short  rises  of  ten 
perature  without  an  accompany  chill  and  without  apparenl  cause. 

Such  late  and  prolonged   periods  of  fever  are  often   regarded   as 

relapses  or  reerudeseenees  of  the  typhoid  process,  hut  it  is  not  diflieult  I 
think  to  distinguish  between  a   Hue  relapse  and   the  type  of  fever  under 

consideration.    In  going  over  the  temperature  charts  of  a  large  number 

of  cases  of  typhoid  I  have  been  led  to  the  conviction  that  in  all  uncom- 
plicated   cases    of    typhoid    fchl  Curve    LS    Strikingly    uniform    and 

eonstant  in  its  general  type,  although  varying  much  in  it-  duration,  it- 
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severity,  and  to  some  extent,  in  the  length  of  its  periods  of  ascent  and 
defervescence.  Any  radical  departure  from  this  familiar  type  usually 
indicates  the  existence  of  some  complication,  even  though  the  complica- 
tion may  not  always  be  readily  discoverable.  The  same  statements,  I 
believe,  apply  to  the  true  and  uncomplicated  relapse.  There  is  the  more 
or  less  gradual  ascent,  the  period  of  continuous  elevation  and  the  period 
of  defervescence;  and  the  chart  of  such  a  true  relapse  bears  little  or  no 
rsemblance  to  the  various  types  of  post-typhoid  temperature  described 
above.  Sudden,  violent  remissions  or  exacerbations;  greatly  prolonged, 
slight,  febrile  movements ;  the  occurrence  of  chills,  are  all  indications  that 
the  fever  is  not  that  of  a  true  relapse,  but  is  due  to  some  complication  or 
sequel.  In  such  cases,  when  the  various  other  possible  complications  have 
been  excluded,  there  will  usually  he  found  sooner  or  later  some  symptoms 
to  indicate  the  existence  of  a  thrombophlebitis.  Many  of  the  sudden  and 
transient  rises  of  temperature  seen  during  convalescence  from  typhoid 
and  usually  ascribed  to  errors  in  diet  are  unquestionably  due  to  this  cause. 
The  fact  that  a  febrile  movement  may  have  existed  for  two  or  three  weeks 
before  any  signs  of  phlebitis  of  a  large  vein  have  appeared  cannot  be  held 
to  invalidate  this  view  as  to  the  association  of  the  two  conditions,  for 
there  is  an  abundance  of  evidence  to  show  that  the  phlebitic  process  may 
remain  latent,  or  nearly  so,  for  a  period  of  several  weeks. 

Xo  entirely  satisfactory  explanation  for  the  occurrence  of  fever  in  the 
course  of  a  latent  phlebitis  can  be  given  at  present.  Bock17  has  recently 
shown  by  experiments  on  animals  that  the  intravenous  injection  of  some 
indifferent  and  sterile  substance,  such  as  paraffin,  in  a  finely  divided 
state,  is  regularly  followed  by  some  rise  in  temperature.  It  is  possible 
that  some  of  the  elevations  of  temperature  seen  in  the  early  stages  of 
phlebitis  may  be  caused  by  the  separation  of  tiny  fragments  of  the  throm- 
botic material  before  the  vein  has  become  occluded.  Whatever  may  be 
the  true  explanation,  the  fact  is  beyond  question. 

Vaquez,7  speaking  of  the  behavior  of  the  temperature  in  phlebitis, 
says :  "We  believe,  for  our  part,  that  very  frequently  a  notable  elevation 
of  temperature  precedes  the  appearance  of  phlegmasia  alba  dolens,  but 
that  this  elevation  of  temperature  should  be  sought  for  not  on  the  day, 
or  the  second  day,  before  the  first  apparent  manifestation,  but  often 
eight,  ten  or  twelve  days  before." 

THE  LEUKOCYTES 

In  most  of  the  cases  there  was  some  rise  in  the  number  of  leukocytes, 
and  some  increase  in  the  proportion  of  the  polynuclear  cells,  at  the  time 
of  the  appearance  of  frank  signs  of  phlebitis  of  a  large  vein.     The 


17.  Bock:   Ueber  Ficbererscheinungen  nach  intravenosen  Injectionen  vornehm- 
lich  indifferenter  Partikelschen.    Arch.  f.  exper.  Path.  u.  Pharm.,  1912,  lxviii,  1. 
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increased  leukocyte  count  varied  from  10,000  to  26,000.  In  some  cases 
there  was  no  appreciable  rise  in  the  leukocytes  at  any  time,  and  in  many 
cases  a  leukopenia  persisted  for  some  time  after  the  appearance  of  the 
first  indications  of  involvement  of  the  veins.  The  absence  of  a  leuk' 
tosis  cannot,  therefore,  be  used  as  evidence  against  the  existence  of  venous 
thrombosis.  The  increase  in  the  leukocytes  seems  to  depend  chiefly  on 
the  presence  of  a  well-marked  periphlebitis. 

In  the  present  article  it  has  been  my  aim,  not  to  cover  every  possible 
symptom  and  complication  of  thrombophlebitis  as  it  is  seen  in  typhoid 
fever,  but  to  call  attention  to  several  interesting  groups  of  symptoms  not 
usually  regarded  as  having  any  direct  relation  to  venous  thrombosis,  and 
to  attempt  to  demonstrate  that  such  a  direct  relation  does  actually  exist. 
But  this  study  of  the  late  complications  of  typhoid  in  relation  to  venous 
thrombosis  brought  to  light  a  number  of  interesting  and  suggestive  facts 
whose  significance  is  not  yet  clear,  and  which  have  not  been  discussed 
here,  but  which,  nevertheless,  are  worthy  of  study  and  elucidation. 
Indeed,  it  is  hardly  too  much  to  say  that  the  whole  symptomatology  of  the 

r  weeks  of  typhoid  requires  to  be  studied  anew  from  the  standpoint 
of  the  possible  relation  of  the  various  symptoms  to  thrombophlebitis. 
For  example,  the  relation  of  thrombosis  of  the  veins  of  the  mesentery  and 
of  the  intestinal  wall  to  the  abdominal  symptoms  of  typhoid  is  altogether 
unknown.     ''  that  in  the  roul  t-mortem  examination  of 

typhoid  cases  such  thromboses  are  rarely  if  ever  disc  a   by  no 

means  proof  that  they  do  not  occur.  Thrombosis  of  the  smaller  veins 
could  readily  pass  unrecognized  unless  special  attention  were  directed  to 
their  examination.  In  reading  through  the  protocols  of  the  cases  com- 
plicated by  phlebitis  I  have  been  struck  by  the  fri  with  which 
various  obscure  abdominal  and  intestinal  symptoms  occur.  It  is  possible 
thai  some  of  the  of  sudden  abdominal  pain,  tenderness  and  dis- 
tention which  often  closely  simulate  the  Bymptoms  of  perforation;  that 
some  of  the  dysenteric  sym]  bal  some  of  the  repeated,  small 
intestinal  hemorrhages,  may  have  their  origin  in  thrombosis  of  the  small 
mesenteric  veins. 

Two  other  late  complications  of  typhoid  may  be  mentioned  as  being 
worthy  of  investigation  as  to  their  possible  <  m  with  thrombo- 

phlebiti  titis,  which  appeared  in  a  number  of  the  c 

during  the  course  of  a  phlebitis.    The  other  is  the  rare  complication  of 

'  immatiou  of  the  :  h         omau  with  thrombosis  of  the  • 

■1  firsl  in  one  breasl  and  then  in  the  othi 
phlebil .  the  periphery,  \n  hich  was  Followed  by 

iphlebitiB,  bo  thai  the  ©  ndition  mighl  easily  have  been 

mi  .t  is.     ( die  cannol   but   wonder  if  in   all 
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instances  of  so-called  mastitis  complicating  typhoid  the  process  may  not 
have  begun  as  a  thrombosis  of  the  mammary  veins. 

STJMMAKY 

The  opinions  set  forth  in  the  preceding  pages  may  be  briefly  sum- 
marized as  follows : 

1.  Thrombophlebitis  is  a  much  more  frequent  complication  of  typhoid 
fever  than  is  generally  supposed,  and  probably  occurs  in  from  10  to  15 
per  cent,  of  all  cases.  Its  development  is  gradual;  its  course  frequently 
latent  for  many  days,  and  its  classical  symptoms  usually  appear  only  at 
a  late  stage  of  the  condition.  The  thrombotic  process  is  apt  to  be  much 
more  extensive  and  more  widely  disseminated  than  the  pronounced  local 
symptoms  would  suggest. 

2.  Most  of  the  pulmonary  and  pleural  complications  which  appear  late 
in  the  course  of  typhoid  are  due  to  embolism  of  branches  of  the  pulmo- 
nary artery,  and  this  in  turn  is  due  to  a  complicating  venous  thrombosis. 
Such  emboli  are  usually  small  and  their  symptoms  are  frequently  mild 
and  transient.  The  emboli  seem  to  arise  chiefly  from  the  freshly  formed, 
friable  thrombi  in  veins  which  have  not  yet  become  occluded;  and  their 
symptoms,  in  a  majority  of  the  cases,  appear  before  the  usual  symptoms 
of  phlebitis  are  observed. 

3.  The  obscure,  late,  recurring  chills  of  typhoid  are  regularly  asso- 
ciated with  venous  thrombosis  although  the  latter  is  frequently  latent  at 
the  time  of  the  appearance  of  the  chills.  Some  of  the  chills  are  certainly 
related  to  the  lodgment  of  pulmonary  emboli. 

4.  The  symptom  of  "tender  toes"  can  be  shown  to  be  associated  with 
thrombophlebitis,  in  a  majority  of  the  cases.  The  suggestion  is  made 
that  this  symptom  may  be  due  to  irritation  or  inflammation  of  the 
plantar  nerves,  which  is  set  up  by  periphlebitic  inflammation  from 
adjacent,  thrombosed  veins  in  the  sole  of  the  foot  or  about  the  heel. 

5.  Many  of  the  unaccountable  rises  of  temperature  seen  during  con- 
valescence from  typhoid  and  most  of  the  protracted  and  irregular  types 
of  "post-typhoid"  fever  are  due  to  thrombophlebitis. 
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CHICAGO 
I. 

iii  1909  Xeubauer  and  Fischer  inaugurated  the  use  of  the  dipeptid, 
glvcyl  tryptophan,  for  the  detection  of  peptid-splitting  power  in  stomach 
contents,  with  special  reference  to  the  diagnosis  of  carcinoma.  Their 
report  called  forth  a  shower  of  comments.  It  is  not  necessary  to  give  a 
detailed  account  of  the  work,  since  this  has  been  done  repeatedly.  But  it 
may  be  recalled  that  it  was  based  on  an  idea  of  Friedrich  Miiller  that 
stomach  contents  from  carcinoma  patients  could  carry  protein  cleavage 
beyond  the  point  at  which  normal  peptic  digestion  ceases,  and  that  this 
power  was  due  to  the  presence  in  cancer  tissue  of  an  enzyme  which  could 
be  secreted  into  the  stomach. 

Emerson  showed  that  malignanl  growths  actually  contain  an  enzyme 
capable  of  splitting  protein  beyond  the  albumose  phase,  and  in  grea 
strength  than  that  seen  in  h"hiLrM  growths,  normal  or  in  blood. 

He  found  similar  properties  in  gastric  contents  from  cancer  patients. 
This  work  was  confirmed  ami  extended  by  11.  Fischer,  and  Xeubauer  and 
Fischer,  who  introduced  the  dipeptid  glycyltryptophan  as  a  reagent  for 
the  detection  of  peptid-splitting  enzymes,  and  applied  it  in  the  study  <•!' 
a  series  of  clinical  cases  which  included  twelve  i  ;  carcinoma.  The  test 
consists  in. mixing  glycyltry]  svith  gastric  juice,  incubating  the 

mixture  and  testing  with  bromin  for  the  ruse-violet  color  indicative  of 
free  tryptophan.  They  drew  the  following  conclusions :    1.  In  carcinoi 
tous  stomach  contents  a   fermenl   occurs,  which,  -unlike  pepsin,  splits 
glycyltry ptophan.    2.  The  fermenl  is  destroyed  by  0.36  per  cent,  hydro 
chloric  acid.    3.  The  presence  of  the  fermenl  is  usable  in  diagnosis  ("ist 
diagnostisch  Ibar").     Since  certain   later  writers  have  asserted 

that  the  tesf  has  no  diagnostic  value,  we  call  attention  to  the  conservative 
wording  of  the  original. 

In   the  i  contents   from   pathological   stomachs  they 

n  i  ognized, '/  priori,  certain  sources  of  error :  I.  Occurrence  of  try  ptophan 
in  fhe  stomach  contents  them  tid  splitting  bac- 


•  From   1 1 1 « -  Otho  S.    \    Bprague  Memorial   [nstitute   Laboratory    of  <  linical 
r      ai  ch,  Rush  Medical  '  ollej 
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teria.  3.  Presence  of  trypsin  (pancreatic  juice).  4.  Presence  of  blood 
(erepsin). 

Concerning  tryptophan  in  stomach  contents  as  aspirated,  much  had 
already  been  written  by  Erdmann  and  Winternitz,  Glaessner  and  Vol- 
hard.  The  conclusions  of  these  writers,  confirmed  by  jSTeubauer  and 
Fischer,  were  to  the  effect  that  tryptophan  seldom  occurs  in  normal 
cases;  that  it  frequently  occurs  in  carcinoma  and  at  times  in  certain 
non-malignant  conditions  associated  with  low  acidity,  and  in  motor 
insufficiency  even  with  high  acidity.  Xeubauer  and  Fischer  regard  such 
contents  as  unsuitable  for  application  of  their  test.  Concerning  the 
influence  of  bacteria  they  conclude  that  simple  filtration  of  the  contents 
through  paper  is  a  sufficient  safeguard.  Reflux  of  pancreatic  juice 
interferes  with  the  test,  but  since,  save  in  cases  of  cessation  of  the  outflow 
of  bile,  it  seems  hard  to  imagine  reflux  of  intestinal  contents  into  the 
stomach  without  bile,  they  advise  testing  for  bile  and  discarding  such 
specimens  as  contain  it. 

By  the  latter  part  of  1911  seven  communications  had  appeared  com- 
menting on  this  work  (Lyle  and  Kober,  Ley,  Kuttner  and  Pulvermacher, 
Weinstein,  Ehrenberg,  Oppenheimer  and  Pechstein).  Xdne  of  the  writers 
attacked  the  principle  of  the  test.  All  applied  it  to  series  of  cases.  All 
agreed  that  it  was  positive  in  most  cases  of  cancer  and  negative  in  most 
normal  cases.  The  reaction  was  observed,  however,  in  non-malignant 
conditions  associated  with  sub-  or  anacidity,  and  found  negative  in  some 
cases  of  cancer.  There  was  a  manifest  divergence  of  opinion  as  to  the 
exact  limits  of  its  usefulness. 

Lyle  and  Kober,  Oppenheimer,  and  Pechstein  reported  in  the  main 
favorably;  Weinstein  objecting  to  the  cost  and  stability  of  "ferment 
diagnosticum"  (the  commercial  toluenized  solution  of  glycyltryptophan 
marketed  by  Kalle  &  Co.,  Biebrich  a.  E.),  held  that  a  direct  bromin 
test  for  tryptophan  in  the  stomach  contents  was  simpler  and  more 
reliable  than  the  glycyltryptophan  procedure.  In  so  doing  he  reverted, 
apparently  unconsciously,  to  the  older  idea  of  Volhard  and  Glaessner. 
He  disagreed  with  Xeubauer  and  Fischer  on  minor  points,  but  came  to 
generally  favorable  conclusions,  especially  as  regards  the  direct  test  for 
tryptophan  after  a  protein  meal.  Kuttner  and  Pulvermacher  also 
objected  to  the  use  of  glycyltryptophan  on  the  score  of  cost.  They  pro- 
posed using  silk  peptone  instead  and  gauged  its  splitting  by  the  observa- 
tion of  a  precipitate  of  tyrosin  under  the  microscope.  They  made  eight 
parallel  tests  to  establish  the  equivalence  of  the  two  procedures,  and  then, 
discarding  the  glycyltryptophan  method,  made  a  series  of  observations 
with  silk  peptone.  From  the  results  so  obtained  they  came  to  highly 
unfavorable  conclusions.  They  coincide  with  the  views  of  those  who 
regard  reflux  of  pancreatic  juice  as  a  common  occurrence,  and  consider 
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the  bile  tests  recommended  by  Neubauer  and  Fischer  as  inadequate  for 
its  exclusion.    Ley  and  Ehrenberg  had  unfavorable  experien© 

In  a  second  communication  published  in  1911,  the  original  writers 
review  the  literature  up  to  that  time.  They  point  out  that  Kuttner  and 
-Pulvermacher  employed  a  test  differing  from  their  own  without  ade- 
quately establishing  the  interchangeability  of  the  two.  Their  analysis 
of  the  results  obtained  by  all  the  above-mentioned  writers  indicates  that 
out  of  all  definitely  proven  cases  of  carcinoma  studied,  8-1  per  cent.,  and 
of  the  clinically  diagnosed,  75  per  cent.,  had  shown  positive  reactions, 
while   of  the  non-cancerous  cases   14  per   cent,   v  live.     They 

reiterate  their  cautions  concerning  blood  and  add  that  serum  will 
split  glycyltryptophan,  in  illustration  of  which  they  cite  a  case  of  uremic 
gastritis  in  which  a  positive  test  was  encountered.  They  disclaim  ever 
having  entertained  the  view  that  the  test  was  in  any  sense  specific.  With 
the  possible  exception  of  the  Bence-Jones  albumose  reaction  in  myeloma, 
clinical  chemical  tests  are  not  generally  to  be  so  regarded.  1! 
they  maintain  that  when  properly  performed  and  considered  in  conjunc- 
tion with  other  data,  this  procedure  is,  as  originally  claimed,  an  aid  in 
diagnosis. 

In  the  meantime  other  reports  have  appeared  (Hall  and  Willian 
Warfield,  Koehlker  and  Sanford  and  Eosenbloom ).  Hall  and  Williamson 
find  positive  reactions  in  most  cases  of  cancer,  but  not  in  all.  They  also 
find  some  positive  reactions  in  non-cancerous  conditions  and  suspend 
their  judgment.  Warfield,  working  with  saliva  obtained  from  the  mouth 
with  no  aseptic  precautions,  and  relying  on  the  use  of  toluene  and  some- 
times centrifugation  for  exclusion  of  bacterial  action,  finds  that  saliva 
mixed  with   a   solution  of  glycyltryptophan   and    inci  plite   the 

latter,  to  give  a  |  tophan  reaction  with  bromin.    He  sugg 

ability  thai  bacteria  may  he  responsible  for  this,  bul  drops  it  with 
a  negatively  tending  e  i<>  Weinstein,  ami  Neubauer  and  Fischer. 

Acids  inhibit  this  action.  The  Less  acid  in  the  stomach  contents,  accord- 
ing to  Warfield,  I  sr  the  frequency  of  positive  reactions,  in  benign 
as  well  a-  in  malignant  conditions.  On  the  other  hand,  definitely  cancer- 
ous contents  with   high  combined   acidities  or  with  a   relatively  ! 

.ant  of  lactic  acid  are  said  to  yield  negative  teste.    He  points  oul  thai 
although  the  presence  of  a  peptid-splitting  enzyme  in  cancer  juii 
to  have  been  demonstrated  (and  one  may  add  in  strengths  greater  than 
that  of  normal  tissues  including  blood),  the  fact  thai  carcinomi 
stomach  is  so  often  accompanied  by  absence  of  free  hydrochloric  i 
makes  it  "jusl  the  condition  mosl   favorable  for  a  continuance  of  the 
salivary  action";  then  in  concluding  says:  "In  view  of  th<  the 

glycyltryptophan  tesl  is  of  /,<,  value  in  the  diagnosis  of  cancer"  (!) 
Koehlker,  working  from  a  theoretical  standpoint  with  other  di-  and 
trip  spitting  he  detects  with  the  polariscope,  finds  that  all 
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are  hydrolyzed  by  saliva  under  experimental  conditions  similar  to  those 
used  in  Warfield's  work.  He  is  conservative  in  ascribing  these  effects  to 
non-bacterial  enzymes,  but  in  view  of  the  universal  presence  of  ereptases 
in  the  tissues  is  inclined  to  the  view  that  the  peptid-splitting  power  of 
saliva  is  inherent. 

In  a  second  article  Weinstein  states  that  saliva  is  incapable  of  split- 
ting Witte  peptone.  (As  demonstrable  by  the  bromin  test  for  tryp- 
tophan.) Sanders  and  Eosenbloom  disagree  with  this  observation.  From 
our  own  results  it  would  appear  that  saliva  as  obtained  from  the  mouth 
and  protected  with  toluene  frequently  splits  Witte  peptone  sufficiently 
to  cause  a  marked  increase  in  the  formol-titrable  nitrogen.  "Within 
twenty-four  hours  of  incubation,  however,  we  have  not  so  far  encountered 
positive  tryptophan  reactions.  As  regards  the  use  of  the  glycyltryptophan 
test  for  cancer  diagnosis,  Sanders  and  Eosenbloom  endorse  the  position 
taken  by  Warfield,  that  it  is  worthless. 

ii. 

Having  now  presented  the  salient  features  of  the  literature,  certain 
general  observations  may  be  made. 

The  principle  that  carcinoma  tissue  contains  an  enzyme  capable  of 
splitting  polypeptids  and  in  greater  strength  than  is  found  in  normal 
tissue,  blood  and  non-malignant  new  growths,  has  not  been  disputed. 
All  agree  that  in  a  large  majority  of  the  cases  of  gastric  carcinoma,  the 
stomach  contents  show  the  power  to  hydrolyze  polypeptids.  So  far  the 
possibility  of  devising  a  suitable  procedure  for  detecting  the  cancer 
enzyme  for  diagnostic  purposes  would  seem  as  great  as  it  ever  was.  But 
the  practical  application  of  the  glycyltryptophan  procedure  for  this 
purpose  has  yielded  inconstant  results  in  the  hands  of  different  workers; 
some  normal  cases,  many  cases  with  low  acidity  and  a  few  other  non- 
malignant  conditions,  have  reacted  positively;  some  cases  of  definite 
carcinoma  have  reacted  negatively.  Although  some  writers,  expecting 
too  much  from  an  organic  chemical  reaction,  have  gone  too  far  in 
depreciation  of  the  test,  it  must  be  conceded  that  the  greatest  indefinite- 
ness  in  results  has  been  observed  among  the  very  group  of  cases  in  which 
the  suspicion  of  carcinoma  is  justified  by  already  existing  methods,  and 
among  which  differentiation  is  most  to  be  desired.  A  non-malignant 
case  with  low  acidity  is  likely  to  react  positively;  an  early  carcinoma 
developing  on  an  ulcer  base  with  high  acidity  is  likely  to  be  negative. 

In  deciding  just  how  valuable  the  test  is  it  makes  a  great  deal  of 
difference  how  we  explain  these  variations,  the  variations  which  occur  in 
spite  of  precautions  such  as  Neubauer  and  Fischer  recommend.  If  reflux 
of  pancreatic  juice  into  the  stomach  without  the  presence  of  readily 
detectable  bile  is  a  frequent  phenomenon,  as  held  by  Kuttner  and  Pulver- 
macher  in  accordance  with  the  view  of  Boldeyreff  and  others,  then  the 


56  J 


VRCH1VEB     "I      INTERNAL     MEDICINE 


test  loses  much  of  its  value  aud  no  change  in  the  details  of  its  application 
will  be  likely  to  restore  it.     The  patholog]  -  -logic  basis  will  have 

been  undermined.  If,  as  the  work  of  Warfield  and  Koehlker  appears  to 
indicate,  saliva  possesses  an  enzyme  which  hydroiyzes  polypeptids,  the 
lest  in  its  present  form  falls  to  the  level  of  a  mere  index  of  conditions  in 
the  stomach  favorable  for  continuance  of  salivary  digestion.  Conceivably 
some  means  might  be  developed  for  eliminating  these  sources  of  error  by 
controlling  the  reactions  of  the  stomach  contents  or  otherwise,  but  tin- 
is  problematical.  If,  on  the  other  hand,  inconsistencies  in  the  test  arc 
due  to  imperfections  in  the  details  of  the  method  of  applying  principles 
which  are  correct,  one  might  hope  to  eliminate  the  objectionable  features. 

Concerning  the  two  most  serious  criticisms,  that  of  Kuttner  and 
Pulvermacher  and  that  of  Warfield,  it  is  interesting  to  note  that  they 
are  in  part  opposed  to  one  another.  One  explains  positive  reactions  in 
cases  with  low  acidity  by  entrance  of  saliva  through  the  cardia,  the  other 
by  entrance  of  pancreatic  juice  through  the  pylorus.  Both  cannot  be 
entirely  right.  If  the  reactions  seen  are  due  solely  to  saliva  they  are  not 
due  to  pancreatic  juice,  ami  vice  versa.  The  only  ground  for  agreement 
would  be  the  compromise  that  both  processes  are  concerned. 

Now  there  is  no  doubt  thai  saliva  as  obtained  from  the  month  does  in 
many  cases  contain  something  which  has  the  power  to  cleave  polypeptids. 
We  have  repeatedly  confirmed  this  observation  with  glycyltryptophan 
and  with  Witte  peptone.*  It  is  equally  certain  that  saliva  passes  normally 
into  the  stomach.    Then  given  conditions  in  the  stomach  favorable  for  a 

tinuance  of  this  actios  and  it  follows  thai  peptid  splitting  musl  occur 
there  for  this  reason  alone.    In  view  of  this  consideration  it  is  dear  that 
e  demonstration  of  polypeptid  splitting  power  in  gastric  juice 
carries  with  it  no  proof  of  any  second  enzyme  entering  l'rmn  the  pylorus. 
In'  ■  other  proofs  thai   pancreatic  juice  may  gain  access  to 

the^-stomach  than  the  mere  detection  of  peptid  splitting,  or  until  such 
splitting  is  observed  under  conditions  which  preclude  the  effect  associated 
wit'  one  ie  oo1  wan-anted  in  the  assumption  that  any  reflux  of 

tic  juice  actually  occur-.  For  the  combined  effects  of  pepsin  and 
saliva  arc  equal  to  the  effect  of  trypan  .  Boldyreff,  Kuttner  and  Pulver- 
macher and  others,  have  never  excluded  this  Bource  of  error  and  the 
burden  of  proof  lies  with  them. 

I.     >:-  dow  consider  more  in  detail  the  question  of  saliva.     If  pure 

ile  saliva  contains  an  enzyme  which  can  split  peptids,  the  tesl  has  a 
limited  \aluc.     [f  the  observed  splitting  is  due  to  bacteria,  il   is 
serious  obstacle.    We  have  tested  the  action  of  saliva  before  and  e 
passage  through  a   Berkefeld  candle  and  have  never  seen  any  peptid 
splitting   power   in   the   fUtei  etion,  although    it    wo.  ently 

erved  in  the  unfi  I  .  and  again  in  the  filtered,  after  tl 


In  sonii    Bami  iva,  howevi  '•'!  to  demonstrate  biij  pepto- 
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had  been  inoculated  with  a  mere  loopful  of  the  former.  The  process  of 
filtration  did  not  impair  the  amylolytic  power  of  the  saliva  and  we  feel 
safe  in  the  assertion  that  non-filterable  bodies  in  the  saliva  are  responsible 
for  its  apparent  peptid  splitting  action.  These  non-filterable  bodies  are 
here  regarded  as  bacteria,  although  some  have  suggested  the  possibility  of 
a  selective  filtration  of  enzymes.  Theoretically  it  would  make  no  essential 
difference  as  to  the  effects  which  are  seen  in  the  stomach  contents  whether 
the  action  were  bacterial  or  due  to  a  secreted  enzyme.  The  same  chemical 
conditions  might  favor  either,  and  on  the  other  hand,  high  acidities, 
whether  due  to  HC1  or  to  an  unusual  quantity  of  lactic  acid,  would  check 
bacteria  as  well  as  the  enzyme.  Warfield's  results  might  be  interpreted  in 
this  way  as  well  as  in  another.  All  are  familiar  with  the  inhibition  of  the 
growth  of  certain  bacteria  in  milk  or  in  the  bowel  by  the  predominance 
of  lactic  acid  bacilli  and  their  product.  Practically  it  is  certain  that 
whatever  gives  saliva  its  peptolytic  power  this  can  be  effectually  elim- 
inated by  mechanical  means.    Toluene  is  not  free  from  objections. 

Since  heretofore  no  greater  precautions  have  been  taken  in  the  study 
of  peptolysis  in  stomach  contents  than  in  saliva,  it  is  obvious  that  unless 
the  conditions  in  the  stomach  are  such  as  to  check  bacterial  action  already 
begun  the  same  remarks  apply  here  as  have  just  been  made  for  saliva 
concerning  the  chances  of  confusing  bacterial  action  with  that  of  native 
enzymes.  Especially  when  there  are  infected  teeth,  gums  or  tonsils,  and 
catarrhal  processes  in  the  nasopharynx  or  ragged  ulceration  in  the  gastric 
mucosa  itself,  will  the  chances  for  bacterial  action  be  great.  The  experi- 
ments made  by  Xeubauer  and  Fischer  to  determine  how  much  attention 
should  be  paid  to  bacteria  did  not  exclude  the  possibility  that  a  hetero- 
geneous mass  of  organisms  in  such  culture  media  as  may  occur  in  subacid 
stomach  contents,  may  actively  split  peptone.  Xor  is  the  simple  filtration 
through  paper,  which  they  recommend,  a  reliable  safeguard  against  this 
source  of  error.    Papers  vary;  some  are  fairly  effective,  others  not. 

Up  to  this  point,  then,  we  find  no  basic  objection  to  their  test,  but 
see  in  the  inadequate  provisions  for  excluding  bacteria  one  explanation 
for  disagreement  among  different  observers.  There  are  also  other  points 
to  be  considered.  When  gastric  juice  is  mixed  with  a  solution  of 
glycyltryptophan  and  the  cleavage  of  the  latter  is  detected  by  application 
of  a  bromin  test,  we  end  with  a  delicate  and  easily-masked  color  reaction. 
a  purely  qualitative  test  permitting  scarcely  a  guess  as  to  the  extent  of 
the  splitting.  Even  then  we  are  dealing  solely  with  the  cleavage  of  a 
single  dipeptid.  A  given  stomach  content  might  cleave  other  peptids  in 
greater  quantity  in  one  case,  less  in  another.  The  substitution  of  Witte 
peptone  or  silk  peptone  for  glycyltryptophan  introduces  a  theoretical 
difference  even  though  in  the  end  we  gauge  the  cleavage  by  testing 
qualitatively  for  a  single  end-product.  If  we  use  Witte  peptone  and  rely 
on  the  bromin  test  as  an  index  of  its  splitting,  we  fail  to  observe  any 
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cleavages  except  those  which  in  the  end  liberate  free  tryptophan;  hence 
considerable  hydrolysis  of  this  substance  can  occur  before  a  positive 
bromin  test  is  obtainable.  The  same  applies  to  the  use  of  silk  peptone 
and  observance  of  the  tyrosin  precipitate.  On  the  other  hand,  a  positive 
test  implies  a  whole  succession  of  hydrolyses  which  have  carried  the 
peptone  down  to  its  simplest  components.  For  this  very  reason  peptone 
may  be  a  more  suitable  substance  to  use  for  clinical  purposes.  Theoret- 
ically glycyltryptophan  should  be  a  more  delicate  reagent  than  peptone 
under  these  conditions,  because  it  cannot  split  at  all  without  giving  the 
substance  (tryptophan)  used  as  the  index.  Possibly  it  is  too  delicate 
clinical  purposes. 

The  greatest  consistency  in  results  might  be  expected  from  a  quanti- 
tative method  which  would  tell  us  the  total  peptid  splitting  power  of  a 
given  gastric  juice,  acting  under  definite  conditions  for  a  definite  time 
on  a  uniform  mixture  of  polypeptids.     Such  a  test  should  give  us  a 
of  figures  from  which  to  draw  conclusions  as  to  the  amount  of  splitting 
which  is  to  be  regarded  as  normal,  what  the  limits  for  the  normal 
how  much  splitting  power  a  positive  qualitative  tryptophan  test  corre- 
sponds to,  how  much  splitting  can  occur  in  the  non-malignant  d 
how  much  in  cancer,  etc.     Such  relative  figures  based  on  3  of 

-  naturally  would  nol  be  regarded  as  absolute,  lm t  they  should 
enable  us  to  classify  stomach  contents  on  the  basis  of  polypeptid  splitting 
power  in  the  same  way  that  we  now  compare  them  on  the  basis  of  acidity. 

For  this  purpose  we  have   used   a  2  per  cent,  aqueous  solution  of 
Witte  peptone  which  is  mixed  with  gastric  juice  and  subjected  to  fonnol 
titration  in  accordance  with  the  method  of  Ronche'se-Malfatti-Si 
After  titration  of  a  10-c.c.  sample  of  the  mixture  the  remainder  is  placed 
in  the  incubator  and  after  twenty-four  hours  retitrated.    Th  -  of 

peptone  by  combining  any  free  acid  which  may  be  preseni  makes  further 
alization  unnecee 

In  applying  this  method  in  a  wi  have  aimed  especially 

to  ascertain  (1)  whether  normal  gastric  juice  and  saliva  split  peptone 
;i!  all.  and,  if  so.  to  what  extenl  ;  (2)  how  much  of  the  peptid-splitting 
power  which  has  been  observed  in  saliva,  and  in  gastric  juice  of  non- 
malignant  d  1-  due  to  bacteria;  and  whether,  if  the  action  of 
bacteria  is  certainly  excluded,  there  still  remains  in  such  gastric  ju 

splitting  power  which    would    have   to  be   ascribed    to   reflux  of  ■ 

atic  juice  unaccompanied  by  bile;  (3)  how  much  of  the  peptid  split- 
ting seen  in  cancer  cases  is  due  bo  bacteria  and  how  much  is  due  to  other 
car  enzyme) ;  (4)  the  value  in  diagnosis  of  the  quantita- 

method  as  compared  to  thai  of  simply  for  tryptophan  in  the 

Wit!  istric  juice  mixtures  after  incubation,  and  in  general 


./.     L.     JACQUE—R.     T.     WOODYATT  567 

diagnostic  value  of  any  method  for  detecting  polypeptid  or  peptid  split- 
ting power  in  gastric  juice.1 

in. 

The  results  obtained  may  be  summarized  as  follows : 

Saliva  as  obtained  from  the  mouth,  filtered  simply  through  paper  and 
incubated  under  toluene,  often  but  not  always  has  the  power  to  split  Witte 
peptone  and  glyeyltn^tophan.  But  if  the  saliva  is  filtered  through  a 
BerkefeM  candle  and  kept  aseptic,  all  detectable  peptolysis  disappears. 
The  same  is  true  for  its  power  to  split  glycyltryptophan.  If  the  aseptic 
peptone-saliva  mixture  be  inoculated  with  a  drop  of  unfiltered  saliva, 
peptolysis  again  occurs  (Table  1). 

The  peptolytic  power  of  gastric  juice  (and  blood)  has  been  estimated 
in  terms  representing  the  increase  in  the  number  of  c.c.  of  jSTIO  KOH 
required  in  the  formol  titration  of  100  c.c.  gastric  juice  (or  serum)  with 
200  c.c.  2  per  cent.  Witte  peptone  solution  after  twenty-four  hours  incu- 
bation at  body  temperature.  This  figure,  here  designated  as  the  pepto- 
lytic index,  is  used  for  comparisons. 

The  peptolytic  index  for  pure,  fresh  blood-serum  from  healthy  indi- 
viduals was  found  to  average  8,  part  of  the  rise  being  due  to  autolysis  of 
the  serum  itself. 

For  normal  gastric  juice  as  studied  in  forty  cases,  the  minimum  was 
0,  maximum  18,  average  10.5,  or  about  that  found  for  serum.  In  none 
of  the  forty  cases  was  there  a  positive  color  test  for  tryptophan  before  or 
after  incubation  with  peptone  solution  (Table  2). 

In  ten  cases  of  hyperacidity  the  minimum  index  was  0,  maximum  6, 
average  .6  (lower  than  the  normal).     (Table  3.) 

In  twenty-two  cases  of  subacidity  and  anacidity  in  which  the  free 
HC1  ran  from  10  to  0,  total  acidity  20  to  5,  the  maximum  peptolytic 
index  was  33;  minimum  .0,  average  9  (Tables  4  and  5). 

The  indices,  then,  were  lowest  in  hyperacidity,  a  little  higher  in  the 
normal,  a  little  higher  yet  in  some  of  the  stomach  contents  from  cases  of 
an-  and  subacidity.  For  this  entire  group  of  seventy-six  normal  and 
non-malignant  cases  the  inverse  relationship  between  acidity  and  pepto- 


1.  We  had  intended  also  to  compare  the  results  obtained  by  the  Neubauer  and 
Fischer  method  with  those  obtained  by  simple  substitution  of  Witte  peptone  for 
glycyltryptophan,  and  those  of  the  quantitative  method  herein  described.  But  at 
the  time  this  work  was  begun  (some  two  years  ago),  we  had  trouble  in  obtaining 
"ferment  diagnosticum."  We  regret,  therefore,  our  inability  to  state  whether  in 
a  long  series  of  cases  substitution  of  Witte  peptone  for  the  dipeptid  is  more  or 
less  advantageous,  except  by  comparing  our  results  with  the  published  results  of 
others.  Such  comparison  suggests  that  Witte  peptone  is  less  likely  to  yield  a 
positive  result  in  non-malignant  conditions  and  equally  reliable  in  cancer  cases. 
-Perhaps  glycyltryptophan.  for  reasons  already  mentioned,  is  too  sensitive.  The 
peptone  is  also  cheaper. 
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lysis  as  observed  for  glycyltryptophan  by  Warfield.  seems  to  hold  good. 
Tryptophan  reactions  were,  however,  uniformly  negative. 

One  case  of  non-malignant  stenosis  gave  a  positive  tryptophan  reac- 
tion with  bromin.  In  this  instance  stomach  contents  were  examined  on 
three  different  days.     The  indices  ran  .0,  '   and  9,  avei  .  or  well 

within  the  normal  limits.  This  shows  the  possibility  of  encountering 
now  and  then  a  positive  color  reaction  with  what  may  be  regarded  as  a 
'"'normal*'  peptolytic  power.  It  explains  possibly  some  of  the  discrep- 
ancies in  results  obtained  by  qualitative  methods.  Since  theoretically 
"ferment  diagnosticum"  should  show  free  tryptophan  to  the  bromin  test 
with  a  slighter  peptid  splitting  power  than  with  peptone,  for  reasons 
already  given  (p.  566)  it  may  well  be  that  this  dipeptid  is  even  more 
likely  than  peptone  to  give  a  positive  result  with  a  normal  i 

Four  of  the  samples  in  the  subacidity  series  which  showed  the  highest 
peptolysis  were  filtered  through  a  Berkefeld  filter  and  mixed  with  pep- 
tone solution  under  aseptic  conditions.     In  cases  so  treated  the  index- 
always  became  0.     (Table  5,  Cases  1 13,  111,  115,  117.)    This  observation, 
together  with  the  point  previously  mentioned,  that  in  non-malignant 

es  peptolysis  and  acidity  are  in  an  inverse  relationship,  indicates  that 
in  these  benign  cases,  peptolysis  is  due  to  bacteria  whose  action  is 
inhibited  by  acid. 

Twenty-three  cases  of  cancer  have  been  studied  from  which  thirty- 
three  samples  of  gastric  juice  were  obtained     (Tables  6  and  7).     In  all 

-  the  diagnosis  was  made  at  operation  or  at  autopsy.  Six  of  the 
malignant  series  were  cases  of  carcinoma  developing  on  an  ulcer  base, 
with  free  HC1  between  15  and  20,  total  acidity  60  to  70  (Table  '6,  last  six 
cases).  In  this  group,  in  spite  of  acidities  above  those  of  the  non-malig- 
nant cases,  the  indices  ran,  maximum  72,  minimum  is.  average  69;  L.  e., 
the  minimum  index  is  once  and  a  half  that  of  the  maximum  found  in 
forty  normal  and  thirty-six  non-malignant  subacidity  cases.  The  tryp- 
tophan reaction  after  incubation  with  Witte  peptone  was  positive  in  all. 
These  findings  do  not  confirm  the  vriews  of  Warfield  thai  peptolysis  is* 
due  to  e  salivary  enzyme  which  fails  to  ad  when  the  acidity  is  high. 
Twelve  of  the  fourteen  cancer  cases  with  Eree  IK'l  0,  and  total  acidity 
between  6  and   L0  (Tab  ive  indices  as  follow.-:  maximum  165, 

minimum  63,  av<  5;  i.  e.,  the  leasl  index  was  twice  as  greal  as  the 

maximum  non-malignan1  figure  encountered,  while  the  maximum  was 
five  times  as  great.  The  average  was  nearly  ten  times  thai  of  the  normal 
average  ( i(>.5). 

The  qualitative  tryptophan  tesl  was  positive  in  thirteen  of  the  four- 
teen, and  failed  in  one  cw      i  in  spite  of  the  low  acidity  and  the 
ptolysis  Bhown  by  titration.    Two  of  the  fourteen  can* 
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(Table  7,  Cases  60  and  86)  gave  indices  not  so  greatly  exceeding  the 
highest  non-malignant  figures. 

In  four  cases  doubt  had  existed  as  to  the  diagnosis.  In  each  of  these 
the  free  HC1  and  total  acidity  were  5  and  15,  respectively  (by  coinci- 
dence). The  peptolytic  indices  by  the  antiseptic  method  averaged  148; 
minimum  120,  maximum  165.  The  tests  in  this  series  were  also  made  by 
the  aseptic  method  (filtration  through  a  Berkefeld  candle  and  subsequent 
use  of  sterile  pipettes  and  flasks  without  toluene).  The  indices  then 
averaged  97.5,  maximum  105,  minimum  87.  Peptolysis  was  reduced  by 
the  filtering,  but  only  moderately  so  and  remained  on  the  average  nearly 
ten  times  as  high  as  the  normal  average,  even  when  for  the  latter  we  take 
the  figures  of  the  toluene  method.  Exploratory  operation  was  made  and 
revealed  carcinoma  in  each  case  (Cases  99,  112,  120,  122;  Table  7). 

TABLE  1.— Tests  with  Saliva 

Saliva,  1  part;  sterile  peptone  solution,  2  parts.  Of  the  mixture  10  c.c.  sub- 
jected at  once  to  formol  titration;  a  second  10  c.c.  incubated  for  twenty-four 
hours  with  addition  of  acid  or  alkali  as  indicated  under  remarks.  A  indicates 
that  toluene  was  used  for  antisepsis;  B,  that  the  saliva  was  filtered  through  a 
Berkefeld  filter  and  handled  aseptically.  The  table  shows  comparative  effects  of 
toluene  and  nitration;  also  the  high  peptolysis  when  neither  is  used. 

Formol  Titration 

x-      c         Before       After  -r,  -r,         , 

Jso.  of        T       ,         T       ,  t,.  Bt.  Remarks 

Fvnp_        Incuba-     Incuba-         Rise       T    , 

*-xper-  tion  tion  iest 

■    I  1.5  2.0  0.5  0  A.  No  addition  of  acid  or  alk. 

II  1.1  2.1  1.0  0  A.  Made  alkaline  to  litmus. 

Ill  1.0  1.3  0.3  0  A.  Made  alk.  to  phenolphthalein. 

IVa  0.9  1.1  0.2  0  a.  Added  N/10  to  make  .18%. 

IVb  0.9  1.1  0.2  0  A.  Added  N/10  to  make  .36%. 

IVc  0.9  1.0  0.1  0  A.  Added  N/10  HC1  to  make  .18%. 

'  Va  1.1  1.3  0.2  0  A.  No  addition. 

Vb  1.1  7.2  6.1  0  Same  with  toluene  omitted. 

Vc  1.1  1.1  0.0  0  B.  No  addition. 

VI  1.4  1.4  0.0  0  B.  No  addition. 

VIb  1.4  2.5  1.1  0  Same  reinfection  with  fresh  saliva. 

VII  4.5  4.5  0.0  0  B.  No  addition. 

In  one  case  the  contents  were  obtained  at  autopsy.  By  the  usual 
method  of  examination  with  filtration  through  paper  and  incubation 
under  toluene,  the  index  was  186;  with  no  toluene  added  it  was  219; 
after  filtration  through  porcelain  without  using  toluene,  129,  showing  the 
inhibiting  effect  of  toluene  to  be  less  than  that  of  filtration.  The  figures 
obtained  in  the  last  five  cases  cited  also  show  that  neither  filtration  nor 
toluene,  nor  a  combination  of  the  two  will  eliminate  the  peptolytic  power 
from  certain  cancerous  stomach  contents,  from  which  it  is  apparent  that, 
unlike  what  was  found  for  benign  and  normal  conditions,  we  have  to  do 
in  cancer  cases  with  two  peptolytic  fractions,  viz.,  microorganisms  and 
something  filterable.  The  filterable  peptolyzing  agent  might  be  regarded 
as  an  extracellular  enzyme  from  bacteria  or  a  ferment  from  cancer. 
Saliva  and  normal  gastric  juice  and  that  from  subacidity  cases,  however, 
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TABLE  2. — Tests  with  Gastric  Jcice — Normal  Cases 

Table  made  from  the  data  obtained  in  forty  cases.  No  symptoms  in  any. 
Free  HC1,  30-40.  Total  acidity,  50-60  in  all.  Bile,  blood  and  lactic  acid  tests 
negative  in  all.     Table  includes  the  extremes  and  averages  of  40  cases. 


Case 


—  Formol  Titration  — 

Before     After 
Incuba-  Incuba-    Rise 


Acidity 
Hi]     Total 


tion         tion                     — 

65            .6             1.2           .6         0 

30         58 

121             .5              .5            0         0 

39         56  ) 

63            .8              .8            0         0 

40         58  \ 

Av.            .6               .95         .35       0 

35         55 

Peptorytic  index:  May.  18;  Min 

.  0:  Av.  10.5. 

TABLE  3.— Tests  with 

Gastric  Jtjici 

Remaik- 


Case    which    showed    greatest 

peptolysis. 
Two  characteristic  cases  with 

no  demonstrable  peptolysis. 
Averages  from  40  cases. 


Ten  cases,  with  HC1  50-80;  total  acidity  70-110.  Bile,  blood  and  lactic  acid 
always  absent  and  no  sign  of  dilatation  or  obstruction.  Symptoms  such  as 
occur  commonly  in  "hyperchlorhydria"  with  nothing  to  suggest,  directly,  ulcer  or 
other  organic  stomach  disease;  (or,  no  symptoms,  the  hyperacidity  having  been' 
discovered  by  routine). 


Remarks 


—  Form 

ol  Titrat 

ion  — 

-p 

en 

Acidii 

Case 

Before 

After 

No. 

Incuba- 
tion 

Incuba- 
tion 

Rise 

p^ 

Hi  1 

3 

.3 

.3 

0 

0 

60 

70 

14 

.2 

.2 

0 

0 

60 

75 

21 

.2 

.2 

0 

0 

65 

90 

32 

.2 

.2 

0 

0 

70 

98 

44 

1.2 

1.2 

0 

0 

50 

70 

46 

1.2 

1.4 

■> 

0 

81 

109 

48 

1.0 

1.0 

0 

0 

56 

76 

50 

1.6 

1.6 

0 

0 

69 

85 

41 

1.5 

1.5 

0 

0 

63 

111 

52 

.<; 

.6 

II 

0 

72 

Epileptic. 


Morning  aspiration. 


'Peptolytic   index:    Max.  6.0;    Min.   0;    Av.   .6. 


TABLE  i.    Tests  with  Gastbii  Juice— SuBAcmrrx  Cases,  \ 

Ten  cases  with  free  BC1  10-16;  total  acidity  26  30.    1  '■  i  1  < ■ .  blood  and  la. -tic  acid 
tests  uniformly  negative. 


■  Formol  Titrat  ion  — 


9 

Acidity 

Before 

After 

- 

No. 

[ncuba- 

i  ion 

Incuba- 
tion 

Rise 

M 

IK  1 

Total 

23 

.8 

.8 

ii 

(1 

12 

26 

24 

1.6 

1.6 

fi 

II 

B 

16 

26 

1.0 

L.2 

o 

0 

in 

20 

6  l 

L.O 

1.8 

.3 

(1 

in 

63 

.4 

.7 

.8 

0 

in 

64 

9 

1.8 

-I 

II 

6 

L2 

ss 

1 .:; 

L.3 

0 

1) 

in 

LOO 

.7 

1.0 

.:: 

II 

12 

I. 

104 

.7 

1.0 

.8 

II 

in 

54 

.!» 

!.:. 

,6 

II 

6 

24 

Pei 

toft  tic  ii 

Min 

ii. 

Remai  ke 


S\  mptoms  in  1 1 
mild,  e.  •.:..  anorexia,  weight 
■  •I    iii-i  r<  u  p.  c    wi\  b  head- 
ache and  neurasthenic  Bymp- 
Physical       findings 

Were       negative;       QO       ]  I 

do     dilatations,     n<>     motor 
irtcufficiencies,    in  three 
diarrhea  wai  present. 
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completely  lose  their  peptolytic  power  with  suitable  filtration,  from  which 
it  would  appear  that  filtration  is  adequate  for  eliminating  bacterial  action. 
Others  have  shown  that  cancer  tissues,  aseptically  prepared,  do  contain 
a  peptolytic  enzyme.  Therefore  it  seems  more  plausible  to  ascribe  the 
filterable  agent  to  the  cancer.  Our  own  work,  however,  does  not  finally 
establish  this  point.  Possibly  a  cancerous  mucosa  lodges  bacteria  which 
do  not  thrive  under  other  conditions. 

TABLE  5. — Tests  with  Gastric  Juice — Subacidity  Cases  B 

Sixteen  cases.  Free  HC1,  0;  total  acidity  8  to  30.  In  four  of  these  cases  ( 113,  114, 
115,  117)  filtration  was  carried  out  through  a  Berkefeld  filter  with  subsequent 
aseptic  handling,  and  also  by  the  usual  paper  filtration  with  subsequent  antiseptic 
(toluene)   treatment. 


Case 
Xo. 

Formol 
Before 
Incuba- 
tion 

Titration 

After 
Incuba-  Rise 

tion 

CO 
CD 

Acic 
HC1 

ity 
Total 

c 

c: 

~ 

c 

c 

m 

Remarks 

49 

.9 

1.2 

.3 

0 

0 

8 

0 

0 

Filtered  through  paper 
toluene  added. 

62 

1.5 

1.7 

.2 

0 

0 

10 

0 

0 

Same  as  above. 

68 

1.6 

1.8 

2 

0 

0 

10 

0 

0 

0 

Same  as  above. 

70 

.6 

1.3 

.7 

0 

0 

12 

0 

0 

0 

Same  as  above. 

73 

.8 

1.2 

.4 

0 

0 

6 

0 

0 

0 

Same  as  above. 

95 

1.2 

1.6 

.4 

0 

0 

10 

0 

0 

Same  as  above. 

106 

1.2 

1.4 

.2 

0 

0 

30 

0 

0 

0 

Same  as  above. 

109 

.5 

.8 

.3 

0 

0 

30 

0 

0 

0 

Same  as  above. 

116 

1.5 

1.5 

0 

0 

0 

10 

0 

0 

0 

Same  as  above. 

111 

1.6 

1.7 

.1 

0 

0 

12 

0 

0 

0 

Same  as  above. 

66 

.6 

.9 

.3 

0 

0 

8 

0 

0 

0 

Same  as  above. 

71 

.7 

1.8 

1.1 

0 

0 

22 

0 

0 

0 

Same  as  above. 

113 

.2 

.4 

.2 

0 

0 

10 

0 

0 

0 

Same  as  above. 

113 

.2 

.2 

0 

(Aseptic) 

114 

1.5 

1.7 

o 

0 

0 

10 

0 

0 

0 

Same  as  above. 

114 

1.5 

1.5 

0 

( Aseptic ) 

115 

6 

11 

.5 

0 

0 

12 

0 

0 

0 

Same  as  above. 

115 

.6 

.6 

0 

( Aseptic ) 

117 

1.2 

2.1 

.9 

0 

0 

10 

0 

0 

0 

Same  as  above. 

117 

1.2 

1.2 

.0 

(Aseptic) 

Peptolytic  index:  Max.  33;  Min.  0;  Av.  10.5;  16  cases  (usual  method). 
Peptolytic  index:  Max.  0;  Min.  0;  Av.  0;  4  cases   (aseptic  method). 

Three  cases  of  carcinoma  showed  indices  of  0,  6  and  12,  no  higher 
than  the  benign  series,  and  hence  negative  (Table  6;  Cases  33,  87,  92). 
In  one  of  these  cases  there  was  the  high  lactic  acid  content  which  War- 
field  found  associated  with  negative  glycyltryptophan  reactions;  in  the 
others  the  acidities  were  low.  In  all,  88  per  cent,  of  the  cancer  cases 
were  positive  by  the  quantitative  method,  83  per  cent,  by  the  qualitative. 
Of  seventy-six  non-malignant  cases,  only  one  gave  a  positive  tryptophan 
test. 
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In  the  series  of  cases  here  reported,  the  maximum  index  found  in  any 
of  seventy-six  benign  cases  by  the  toluene  method  was  thirty-three,  and 
this  was  seen  in  but  one  case.  The  minimum  index  in  the  cancer  cases, 
barring  three,  was  forty-five.  For  practical  purposes  we  may  say  then 
that  when  reliance  is  placed  on  paper  filtration  and  toluene 

Indices  of  0-20  are  negative. 
Indices  of  20-40  are  suspicion-. 
Indices  of  40  and  over  are     positive. 

TABLE  6.— Malignant  Cases 

Nine  cases  of  carcinoma  with  free  HC1,  0  to  20;  total  acidity,  5  to  70.     Diag- 
nosis confirmed  in  all  but  two  obvious  cases  either  at  operation  or  at  autopsy. 


Remarks 


Case 

Formol  Titration 

43 

3 

Acidity 

o 

No. 

First 

Second 

Rise 

•— 

HC1 

Total 

a 

z 
z 

"Z. 

pq 

- 

— 

33 

1.2 

1.4 

.2 

0 

0 

6 

0 

0 

+- 

87 

1.2 

1.2 

.0 

0 

0 

36 

0 

0 

+- 

92 

1.5 

1.9 

.4 

0 

0 

5 

0 

0 

0 

18     *A.M. 

1.7 

4.0 

2.3 

+ 

10 

30 

0 

0 

0 

2.0 

4.4 

2.4 

8 

21 

0 

0 

0 

37       AM. 

2.1 

4.6 

2.5 

+ 

15 

70 

0 

0 

0 

1.6 

4.0 

2.4 

18 

60 

0 

0 

0 

61       A.M. 

1.4 

3.8 

2.4 

+ 

20 

70 

0 

0 

0 

1.4 

3.7 

2.3 

15 

65 

0 

0 

0 

81       A.M. 

1.3 

4.1 

2.3 

+ 

10 

70 

0 

0 

0 

1.7 

4.3 

2.6 

12 

60 

0 

0 

0 

82       AM. 

1.6 

3.9 

2.3 

+ 

6 

53 

0 

n 

0 

2.0 

4.1 

2.1 

15 

63 

0 

0 

0 

83       A.M. 

1.3 

2.9 

1.6 

+ 

8 

60 

0 

0 

1.4 

3.8 

2.4 

15 

60 

0 

0 

0 

Negative  (  ases:  All  were  oper- 
ated on.  Cases  33  and  92  show- 
ed cancer  at  lesser  curvature; 
Ji  ;i  -'"  87  cancer  at  pylorus.  Note 
low  acidity  in  two  cases. 


Six  cases  of  malignant  disease 

with  high  total  acidities;  car- 

.     cinoma  of  pylorus  found  at  op- 

*■    eration  in  each  case.    Marked 

rise    in    every    case    in    spite 

of  aciditv. 


Poptolvtic    'Index: 
Max.  72;  Min.   \8. 


A  r.      60; 


A.M.  = 'Material  aspirated  in  morning  before  giving  tost  breakfa»t. 

There  is  no  doubt  that  the  significance  of  demonstrable  peptolysis  of 
even  moderate  degree,  if  observed  in  aseptic  specimens;  in  much  greater 
than  that  seen  when   it  is  necessary  to  allow  leeway  for  bacteria  and, 
establish  empiric  borders.    From  the  series  of  ten  non-malignani  cast 
.which  we  have  filtered  gastric  juice  through  a  Berkefeld  filter  all  p 
lysis  has  disappeared,  and  it   is  anticipated  further  work  will  show  thai 
any  peptolysis  which  survives  lilt  rat  inn  of  this  sort  is  abnormal  and  likely 
to  mean  cancer,  provided  always  thai  containing  bile  he 

excluded.  For  accurate  work  the  aseptic  method  .should  he  used  exclu- 
sively. It  will  he  found  most  practical,  perhaps,  for  ordinary  clinical 
purposes,  to  dispense  with  filtration  in  ca8es  with  very  low  and  very  high 

indices  and  apply  it  in  case  of  uncertainty;  i.  <•..  when  the  figures  are 
h  itween  20  and  10. 
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It  is  also  important  to  exclude  bacteria  when  using  the  qualitative 
test,  since  those  present  in  non-malignant  cases  will  sometimes  cause  a 
positive  reaction.  It  is  possible  also  that  an  overgrowth  of  certain  forms, 
such  for  instance  as  lactic  acid  bacilli,  may  be  responsible  for  a  negative 
result  in  a  cancer  case. 

TABLE  7. — Malignant  Cases 

Fourteen  cases  of  carcinoma  with  free  HC1,  0  to  20;  total  acidity,  5  to  70. 
Diagnosis  confirmed  in  all  but  two  obvious  cases  either  at  operation  or  at  autopsy. 

Remarks 

Clinical    diagnosis  —  cancer  — 

confirmed  at  operation. 
Obvious  mass,  metastases,  cach- 
exia, death;  no  autopsy. 
Clinical     diagnosis     of     cancer 

confirmed  at  operation. 
Clinical     diagnosis     of     cancer 

confirmed  at  operation. 
Clinical     diagnosis     of     cancer 

confirmed  at  autopsy. 
Clinical     diagnosis     of     cancer 

confirmed  at  autopsy. 
Clinical     diagnosis     of     cancer 

confirmed  at  autopsy. 
Clinical     diagnosis     of     cancer 

confirmed  at  autopsy. 
Epigastric  tumor,  nodular  liver, 

cachexia,  no  autopsy. 
Clinical     diagnosis     of     cancer 

confirmed  at  autopsy. 
Clinical  diagnosis,  "suspicious": 

carcinoma  at  operation. 

Clinical  diagnosis,  doubtful; 
operation  —  death,  autopsy; 
carcinoma. 

Clinical  diagnosis  doubtful.  Op- 
eration showed  posterior  wall 
carcinoma  with  glandular  and 
hepatic  metastases. 

Clinical     diagnosis     of     cancer 
confirmed  at  autopsy. 
122f         1.3  4.3  3.0         + 

f  Aseptic  method. 

Peptolytic  index,  antiseptic   (toluene)   method:  Max.  165:  Min.  45:   Ay.  105. 

CONCLUSIOXS 

1.  Saliva  free  from  bacteria  does  not  split  Witte  peptone  nor  glyeyl- 
tryptophan. 

2.  Normal  gastric  juice  free  from  blood,  bile  (trypsin)  and  bacteria 
has  no  peptolytic  power.  The  same  holds  true  for  cases  of  benign  sub- 
acidity. 


Case 
No. 

Fonnol  Titra 
First      Second 

tion 

Rise 

03 

o 

Acidity 
HC1    Total 

s 

o 

3 

86 

2.2 

4.0 

1.8 

+ 

0 

5 

0 

0 

+ 

93 

2.1 

4.2 

2.1 

+ 

0 

5 

0 

0 

+ 

101 

2.2 

4.6 

2.4 

+ 

0 

5 

0 

0 

+ 

102 

2.2 

4.4 

2.2 

+ 

0 

5 

0 

0 

+ 

37 

2.2 

4.5 

2.3 

+ 

0 

5 

0 

0 

+ 

58 

2.4 

4.6 

2.4 

+ 

0 

5 

0 

0 

0 

60 

2.2 

3.7 

1.5 

+ 

0 

10 

0 

0 

0 

75 

2.1 

5.1 

3.0 

0 

0 

10 

0 

0 

0 

76 

2.2 

5.2 

3.0 

+ 

0 

10 

0 

0 

0 

84 

1.9 

4.0 

2.1 

+ 

0 

8 

0 

0 

1 

99 

1.5 

7.0 

5.5 

+ 

0 

5 

0 

0 

+ 

99f 

1.5 

5.0 

3.5 

+ 

* 

112 

1.5 

7.0 

5.5 

+ 

0 

10 

0 

0 

+ 

112f 

1.5 

4.4 

2.9 

+ 

120 

1.5 

5.5 

4.0 

+ 

0 

5 

0 

0 

+ 

120f 

1.5 

4.8 

3.3 

+ 

122 

l.S 

6.2 

4.9 

+ 

0 

6 

0 

0 

+ 
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3.  Peptolytio  and  peptidol)rtic  action  exhibited  by  saliva,  and  so-called 
"tryptic"  digestion  in  the  stomach  when  there  is  no  bile  to  indicate  reflux 
of  intestinal  contents,  are  usually  due  to  unfilterable  agents  (bacteria). 
.  There  is  no  incontestable  evidence  to  show  that  pancreatic  juice 
unaccompanied  by  bile  ever  gains  access  to  the  stomach  (except  in  cases 
with  acholic  intestinal  contents). 

5.  Toluene  is  inadequate  for  the  exclusion  of  bacterial  action  in 
experiments  with  saliva  and  gastric  juice. 

6.  In  about  88  per  cent,  of  developed  cases,  carcinomatous  stomach 
contents  show  a  peptolytic  power  two  to  ten  times  the  maximum  seen  in 
benign  conditions  in  general.  This  is  due  in  part  to  bacteria,  but  high 
peptolysis  pe  ter  filtration  through  a  Berkefeld  and  subsequent 
aseptic  handling. 

7.  VTitte  peptone  may  be  advantageously  substituted  for  "ferine tit 
diagnosticum"  in  the  iSTeubauer  and  Fischer  qualitative  test,  with  results 
in  malignant  cases  as  good  as  any  that  have  been  published  for  glycyl- 
tryptophan  itself.  In  non-malignant  cases  it  has  been  positive  but  once 
in  seventy-six  normal  and  Subacid  cases. 

8.  The  quantitative  method  herein  described  yields  slightly  more 
uniform  results  than  the  qualitative  procedure  in  cancer  cases.  It  lias 
never  been  found  "positive"  in  seventy-six  normal  and  non-malignant 
cases. 

9.  The  detection  or  measurement  of  peptolytic  power  in  gastric  juice, 
if  carried  out  by  any  suitable  method,  is  of  considerable  value  in  the 
diagnosis  of  cancer. 

10.  It  is  of  value  in  any  case,  and  essential  in  doubtful     '  -  -. 
eliminate  bacteria  by  passage  of  the  gastric  juice  through  a  Berkefeld  or 
other,  equally  effective  filter,  with  Bubsequenl  aseptic  precautions. 

IV. — EXPERIMENTAL 
M  VI  !  BIAJ 

Saliva  was  « >1  > t :i i 1 1 <•<  1  from  different  members  of  the  laboratory  staff.  The 
mouth  was  rinsed  with  water  and  the  flow  promoted  by  masticating  a  bi1  of 
paraffin.  Samples  from  different  individuals  were  used  in  Borne  experiments, 
mixtures  in  others.  The  material  was  filtered  through  paper  or  through  a 
Berkefeld  candle  as  indicated  on  the  charts. 

•   Stomach  contents  were  obtained  by  aspiration  one  hour  after  a  tesi  breakfast 
isting  of  30  gm.  bread  and  200  c.c.  water.     In  mosl   Instances  the  Btomach 
was  emptied  in  the  morning  j>rinr  to  giving  the  test  breakfast,  and  the  results 
ti,  aspirations  examined.    Unless  specified  on  the  charts  as  "morning  aspire 

tion"  the  material  is  understood  to  have  I n  obtained  after  a  teal  breakfast,    In 

one  ease  the  material  was  obtained  al  autopsy.     Each  sample  was  subjected  to 

t  for  bile  (dilute  alcoholic  iodin),  for  blood  (Weber),  lactic  acid  (Uffelmann), 

an<I   the   usual   routine   titrations,   with   demethyl-amido  '   and    phenol* 

phthalein.     A  dired   tesi   f"r  tryptophan  with  dilute  bromin   water  <>r  bromin 

vapor  was  also  made.    Samples  giving  positive  bile  or  blood  reactions,  or  having 

[greenish  color  even  in  the  absence  "t  positive  tests,  were  noi  used. 

The  material  wa*  Altered  through  .■■  folded  filter  or  b  Berkefeld  candle,  <>r  both, 

ndicated  in  i 1 1 •  - 
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Cases  were  drawn  from  the  Cook  County  and  Presbyterian  hospitals,  Chicago, 
the  dispensary  of  Rush  Medical  College,  the  private  practice  of  Dr.  Jacque  and 
scattering  sources.  It  has  been  necessary  in  some  malignant  cases  to  rely  on 
the  word  of  the  operating  surgeon  for  the  final  diagnosis,  without  histological 
examination.  Cases  of  this  sort  which  have  been  included  have  been  operated 
on  by  surgeons  of  known  competence.  For  help  in  obtaining  cases,  records  and 
material,  we  are  especially  indebted  to  Dr.  Donald  Abbott,  interne  in  Cook  County 
Hospital.  We  also  desire  to  acknowledge  the  support  of  Dr.  Frank  Billings, 
Dr.  James  B.  Herrick,  Dr.  A.  D.  Bevan,  Dr.  J.  Davis  and  others,  for  use  of  material. 

METHODS 

Peptone  Solution. — A  2  per  cent,  solution  of  Witte  peptone  is  filtered  through 
a  folded  filter,  distributed  in  60  c.c.  flasks,  sterilized  in  an  autoclave  and  kept 
on  ice.  If  the  flasks  are  both  cotton-  and  cork-plugged,  the  stock  solution 
keeps  its  titer  for  a  long  time.    One  flask  is  used  for  each  set  of  experiments. 

PBOCEDTJBE 

A.  (Antiseptic).  Ten  c.c.  gastric  juice  (filtered  through  a  folded  filter) 
are  measured  into  a  flask  by  means  of  a  pipet.  To  this  are  added  exactly  20  c.c. 
peptone  solution  and,  after  mixing,  a  layer  of  toluene  is  added.  Exactly  10  c.c.  of 
the  mixture  are  withdrawn  from  under  the  toluene  with  a  pipet  and  subjected 
to  formol  titration  as  follows:  To  the  10  c.c.  of  mixture  add  50  c.c.  H20  and 
5  drops  of  1  per  cent,  alcoholic  phenolphthalein,  then  N/10  KOH  to  the  first 
permanent  pink  tint.  Take  5  c.c.  liquor  formaldehydi  diluted  with  10  c.c.  water, 
add  5  drops  phenolphthalein  and  neutralize  in  the  same  way.  Add  the  neutral 
formol  solution  to  the  neutral  peptone  gastric  juice  mixture.  The  mixture 
becomes  acid.  Titrate  back  to  the  first  permanent  pink  and  note  the  number  of 
tenth  cubic  centimeters  required.2 

2.  Xote. — In  using  phenolpththalein  as  indicator  and  bringing  to  the  first 
permanent  pink  both  for  the  original  neutralization  and  in  the  final  titration,  we 
intentionally  disregard  the  criticism  that  for  absolute  values  neutralization  with 
litmus  and  a  final  titration  to  violet  with  phenolphthalein  is  preferable.  These 
figures  are  purely  relative  and  the  use  of  phenolphthalein  as  proposed  by  Malfatti 
for  the  urinary  NH3  is  quicker  and  more  satisfactory  for  this  purpose. 

The  remaining  20  c.c.  of  peptone  gastric  juice  solution  (a)  are  placed  in  the 
incubator  for  twenty-four  hours  (stoppered)  and  at  the  end  of  this  time  10  c.c. 
are  withdrawn  and  treated  as  before.  The  first  titration  figure  is  subtracted 
from  the  second  and  the  difference  is  an  expression  of  the  peptolysis  which  has 
ocurred  in  a  mixture  of  3%  c.c.  gastric  juice  with  6%  c.c.  peptone  solution 
("Rise").  The  rise  multipled  by  3  and  by  10  gives  the  figures  for  peptolysis 
in  100  c.c.  gastric  juice  with  200  c.c.  Witte  peptone  solution  '•  (Peptolytic  Index)." 
When  sufficient  material  is  available  it  is  preferable  to  use  double  quantities  of 
gastric  juice  and  peptone  solution  for  the  titrations. 

B.  (Aseptic)  The  gastric  juice  is  passed  through  a  sterilized  kaolin  filter 
(Berkefeld)  and  subsequently  handled  in  sterile  pipets  and  flasks  which  are 
plugged  with  both  cotton  and  cork.     No  toluene  is  used. 

The  qualitative  test  is  performed  by  simply  adding  cautiously  to  5  c.c.  of  the 
solution  to  be  tested  a  drop  or  two  of  dilute  bromin  water  and  observing  the 
delicate  rose  or  rose-violet  tint  which  occurs  in  presence  of  tryptophan. 
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THE      RELATIOX      OF      THE      VIRULEXCE      OF      THE 

TUBEKCLE    BACILLUS    TO    ITS    PERSISTENCE 

IX    THE     CIRCULATION  * 

ALFRED     F.    HESS,    M.D. 

NEW   YORK 

Bacteria  frequently  gain  access  to  the  circulation.  However,  there 
is  still  a  marked  difference  of  opinion  as  to  how  frequently  this  occurs 
and  how  serious  this  invasion  is,  some  believing  that  it  is  a  phenomenon 
always  accompanied  by  marked  systemic  disturbance,  others  that  if  the 
number  of  bacteria  is  small,  the  body  rids  itself  of  the  invaders  without 
the  aid  of  any  general  reaction.  It  is  known  that  microorganisms  are 
eliminated  from  the  circulation  chiefly  by  way  of  the  kidneys  and  of 
the  liver,  but  it  is  not  known  what  the  determining  factors  are.  Are 
the  bacteria  filtered  from  the  blood  stream  by  means  of  the  tissues,  in 
the  same  way  as  inert  foreign  particles;  for  example,  as  would  be  the 
case  if  an  equal  amount  of  egg  white  had  found  its  way  into  the  blood, 
or  does  this  mechanical  process  play  a  role  secondary  to  other  finer 
defensive  processes? 

The  following  investigation  was  undertaken  primarily  to  obtain  some 
answer  to  a  simple  question,  to  discover  whether,  quite  independently 
of  their  power  of  multiplication,  a  direct  relationship  exists  between  the 
virulence  of  bacteria  and  their  ability  to  maintain  an  existence  in  the 
circulation.  It  seemed  as  if  the  tubercle  bacillus  presented  an  unusual 
opportunity  for  a  study  of  this  nature.  For,  as  is  well  known,  the  bovine 
type  of  tubercle  bacillus  is  highly  virulent  for  rabbits  when  a  small 
fraction  of  a  milligram  is  injected  intravenously,  whereas  the  human 
type  of  this  bacillus  is  but  slightly  virulent,  possessing  the  power  of 
giving  rise  to  merely  local  lesions  in  the  lungs  and  in  the  kidneys,  which 
do  not  disseminate  the  disease  or  result  in  the  death  of  the  animal.  The 
two  types  of  bacilli  are  almost  alike  morphologically,  and  multiply  so 
slowly  as  to  make  this  factor  negligible  in  an  experiment  of  short  dura- 
tion. Their  chief  and  preeminent  difference  is  that  of  virulence.  A 
series  of  tests  was  therefore  instituted,  which,  briefly  stated,  consisted 
in  inoculating  a  measured  quantity  of  human  and  of  bovine  tubercle 
bacilli  into  the  circulation  of  rabbits,  and  of  determining  whether  they 
persisted  in  the  blood-stream  for  approximately  the  same  length  of  time. 


•Submitted  for  publication  Aug.   19,  1912. 

*From  the  Research  Laboratory,  Department  of  Health,  New  York  City. 
•Presented  before  the  Society  for  Experimental  Biology  and  Medicine,  April 
17,  1912. 
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The  experiments  were  planned  as  follows:  Four  rabbits  were 
injected  for  each  test,  two  with  a  human  type  of  bacillus,  the  other  two 
with  the  bovine  type;  in  each  case  .01  mg.  and  1  mg.  of  a  culture  was 
suspended  in  a  salt  solution  and  injected  into  the  ear  vein.  These  four 
animals,  which  were  of  about  equal  weight,  were  bled  at  regular  inter- 
vals, generally  one-half  hour,  one  hour,  two  hours  and  three  hours  after 
inoculation,  5  c.c.  of  blood  being  caught  in  a  solution  of  sodium  citrate. 
Thus  there  were  eight  specimens  taken  from  the  two  rabbits  inoculated 
with  the  human  tubercle  bacillus,  and  eight  from  the  two  inoculated 
with  the  bovine  bacillus.  These  sixteen  specimens  of  blood  were  imme- 
diately injected  subcutaneously  into  as  many  guinea-pigs,  and  after  six 
weeks  these  animals  were  examined  for  tuberculosis. 

In  addition  to  a  series  of  experiments  of  this  description,  others  were 
undertaken  in  which  the  rabbits  were  bled  soon  after  inoculation,  or 
after  a  period  longer  than  three  hours  following  the  injection  of  the 
bacteria.  Furthermore,  it  was  possible  to  test  the  blood  of  a  large  num- 
ber of  rabbits  which,  in  the  course  of  various  laboratory  work,  had  been 
inoculated  with  bovine  or  with  human  tubercle  bacilli,  and  to  study,  in 
this  connection,  the  relation  of  bacteremia  to  the  tuberculous  condition 
of  the  animal — a  subject  which  in  the  field  of  human  pathology  has 
been  the  center  of  much  discussion  during  the  past  few  years,  and 
which  we  touched  on  only  incidentally. 

It  will  be  seen  from  the  accompanying  table  (Table  1)  that  six 
experiments,  of  the  type  which  has  been  outlined,  were  successfully 
carried  out.  Others  were  undertaken,  but  owing  to  difficulty  in  bleeding 
the  rabbits,  to  occasional  clotting  of  the  blood,  to  the  premature  death 
of  some  of  the  guinea-pigs,  or  to  other  unavoidable  causes,  they  had  to 
be  altogether  rejected. 

The  table  shows  our  results  more  clearly  than  mere  description.     Tf 

take  the  firsl  experiment;  mole,  we  find  thai  of  the  right 

pigs  inoculated  with  the  blood  of  rabbits  injected  with  bovine  tubercle 
bacilli,  four  showed  tuberculosis  when  killed  after  an  interval  of  six 
.  one  died  prematurely,  so  thai  three  of  the  eighl  test-  were  nega- 
tive.     On    the  other  hand,   only  one   specimen   of  the  eight    taken    from 

the  two  rabbits  inoculated  with  the  human  culture  incited  tubercul 
in  the  guinea-pigs  used  for  the  tests.     In  this  way  the  experiments  may 
be  interpreted.    Table  2  brings  oul  these  results  more  clearly,  and  is  a 
summary  of  all  six  experiments.     Here  we  sec  thai  there  were  forty- 

■  rabbits  inoculated  with  a  culture  Of  human  tubercle  bacilli,  and  an 

equal    Dumber  of  successful    inoculations   with    bovine   culture.     This 
includes  all  specimens  of  blood  drawn  at   intervals  varying  from  one- 
half  to  three  or  four  hours  after  the  rabbits  were  inoculated.     Of  the 
eighteen  were  found  to  contain  tubercle  bacilli,  thai  us 


ALFRED     F.     HESS  579 

per  cent.,  whereas  of  the  tests  with  human  culture  only  four  gave  rise 
to  tuberculosis  in  the  guinea-pigs;  that  is,  only  a  little  over  9  per  cent. 
It  will  be  seen  that  there  is  some  irregularity  in  the  results;  that  at 
times  bacilli  were  found  in  the  circulation  after  two  or  three  hours, 
although  they  were  not  demonstrable  after  shorter  intervals.  The  dif- 
ference between  the  two  groups  as  shown  in  this  table  is,  however,  so 
marked  that  the  conclusion  is  definite  that  the  two  types  of  bacilli,  the 
markedly  virulent  and  the  feebly  virulent,  differ  decidedly   in  their 

TABLE  1. — Relative  Persistence  of  the  Human  and  the  Bovine  Tobebcle 
Bacillus  in  the  Cibculation 
Interval  in 
hours  between  Amount  and  Type  of  Bacilli  Injected  into  Babbits 

inoculation    .oimg.(B.%      lmg.(B.)    .01  nig.  (H.)    lmg.(H.)  Remarks 

and  bleeding 

expebiment  i 

1     —  Tb.  —  — 

2     —  Tb.  Tb.  — 

3     0  Tb.  —  — 

4      Tb.  —  —  — 

EXPEBIMENT   II 

y<2. —  —  Tb.  —         Bovine  culture  was 

1      —  —  —  —  almost     avirulent 

2      —  —  —  0  for  rabbits. 

EXPEBIMENT    III 

% 0  —  —  —  Suggests      possible 

1      Tb.  0  —  —  confusion  between 

2      Tb.  —  —  —  the  two  "bovine" 

3     Tb.  —  —  Tb.  rabbits. 

EXPEBIMENT   IV 

% Tb.  Tb.  —  0  Clot       interfered 

1% Tb.  Tb.  —  0  with    fourth    test 

2% Tb.  Tb.  —  0  of     first     column 

3% —  Tb.  —  —  and  third  test  of 

third  column. 

EXPEBIMENT   V 

y2 Tb.  Tb.  —  — 

1     Tb.  Tb.  —  — 

2     Tb.  —  —  — 

3     —  Tb.  —  — 

EXPEBIMENT   VI 
% 0  Tb.  —  — 

1     Tb.  Tb.  —  — 

2     —  Tb.  Tb.  — 

3     Tb.  Tb.  —  — 

Tb.  =  Tuberculosis  of  guinea-pig;  —  =  no  tuberculosis;  0  =  premature  death, 
etc.;  B.  =  Bovine;  H.  =  Human. 

ability  to  persist  in  the  circulating  blood.  That  this  difference  is  inti- 
mately associated  with  virulence  was  further  brought  out  by  an  experi- 
ment in  which  a  bovine  culture  was  used,  which  was  almost  avirulent 
for  rabbits  as  the  result  of  prolonged  artificial  cultivation.  (Table  1, 
Exper.  II.)  In  this  experiment,  the  bovine  bacilli  were  not  found  in  the 
circulating  blood  in  any  instance.  Furthermore,  it  must  not  be  thought 
that  the  negative  results  of  the  various  tests  with  the  human  culture 
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were  attributable  to  its  having  lost  its  virulence  for  guinea-pigs,  for  a 
series  of  tests  using  from  .001  mg.  to  .000000001  (1/1,000,000,000)  mg. 
of  culture  proved  that  .00001  (1/100,000)  mg.  incited  a  marked  tuber- 
culosis when  injected  subcutaneouslv. 

Table  3  is  a  record  of  bleedings  of  a  rabbit  made  at  various  intervals 
for  more  than  twenty-four  hours  after  it  was  inoculated  with  1  mg.  of  a 
virulent  bovine  culture.  It  will  be  seen  that  these  bacilli  were  still 
circulating  in  the  blood  twenty-seven  hours  after  inoculation.  In  testa 
instituted  one  week  to  two  months   after  inoculation   with   a   bovine 


TABLE   2. — Summary  of   Six   Experiments  of  Table   1 

Experiment                                 Bovine  Tb.  Human  Tb. 

1    4                     3  1                      7 

2 0                      8  1                      6 

3    3                      3  I                      7 

4   7                      1  0                      § 

5   6                      2  0                     8 

6   6                      1  1                      7 

+                    —  +                    - 

26                     18  4                     40 

i v i  i ,, i 

Total  Xo.  of  cases 44  44 

Tb.  per  cent 59  ''.1 

-f-  =  rabbit's  blood  contained  tubercle  bacilli. 

—  =  rabbit's  blood  did  not  contain  tubercle  bacilli. 


TABLE  3. — Persistence  of  Bovine  Tubercle  Bacilli  in  the  Blood 


.     (27  Hour  Test*) 

Interval 

Interval 

Time  of 

after 

G 

uinea-pig 

Time  of 

after 

Guinea-pig 

Bleeding 

Inoculation, 
Hours 

Test 

Bleeding 

Inoculation. 
Eoura 

2   ]'.   in  .  . 

2 

Tb.  + 

0  a.  m  .  . 

21 

Tb. + 

3  p.  m .  . 

3 

•Tb.  + 

11   a.  m  .  . 

•23 

Tb. + 

1  p.  in  . 

4 

Tb.  + 

1   a.  m.  . 

. 

Tb.  + 

5  p.  m  .  . 

5 

Tb.  + 

3  a.  m.  . 

27 

Tb.  + 

*  1  mg.  of  bovine  culture  in  1  c.c,  of  sail  -olution  was  inoculated  into  a  rabbit. 
Five  c.c.  nf  blood  tested. 


culture  (Table  4  A),  tubercle  bacilli  were  found  in  six  out  of  seventeen 
instances,  and  all  six  had  been  injected  from  one  to  two  months 
previously.  So  that  it  would  seem  that  there  exists  a  period  in  which 
the  blood  is  sterile,  an  intermediate  period  between  the  time  when  the 
bacilli  originally  inoculated  are  eradicated  from  the  blood-stream,  and 
when  in  the  course  of  a  progressive  tuberculosis,  bacilli  once  more  gain 
access  to  the  general  circulation.  Among  twenty-three  similar  tests  is 
which  s  culture  of  human  tubercle  bacilli  was  inoculated,  producing, 
p,  hut  slight  cr  no  tuberculous  lesions,  only  two  showed  bacilli 
in  the  hloorl  (Table  4  B).    Tn  one  of  these  positive  cases  s  careful  posl 
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mortem  examination  of  the  rabbit  failed  to  reveal  any  tuberculous  lesion ; 
we  regard  the  finding  of  bacilli  in  this  instance  as  an  interesting  but 
chance  occurrence. 

TABLE  4. — Lateb  Tests  of  Inoculated  Babbits 

a.  BOVINE 
Amount  of 


No.  of 
Babbit 

imervai  onice 

Inoculation 

Days 

Blood  Tested 
c.c 

Autopsy  of 
Rabbit 

Result  of 
Blood  Test 

1148 

7 

7 

Tb. 

Tb. 

1149 

7 

7 

Tb.(m.) 

Neg. 

1149 

14 

7 

Tb.(m.) 

Neg. 

1149 

16 

7 

Tb.(m.) 

Neg. 

1153 

14 

7 

Tb.(m.) 

Neg. 

1153 

22 

6 

Tb.(m.) 

Neg. 

1155 

21 

6 

Tb. 

Neg. 

1155 

29 

6 

Tb. 

Neg. 

1152 

30 

7 

Tb. 

Neg. 

1100 

30 

4.5 

Tb. 

Tb. 

1100 

30 

4.5 

Tb. 

Tb. 

1127 

30 

Tb. 

Tb. 

1126 

30 

Tb. 

Tb. 

1126 

42 

5 

Tb. 

Neg. 

1160 

35 

7 

Tb. 

Neg. 

1159 

60 

10 

Tb. 

Tb. 

1159 

60 

10 

B.  HUIIAS 

Tb. 

Tb. 

1158 

1 

5 

Neg. 

1109 

17 

3 

Neg. 

Neg. 

1109 

20 

6 

Neg. 

Neg. 

1110 

17 

3 

Tb.* 

Tb. 

1110 

20 

6 

Tb.* 

Neg. 

1110 

60 

Tb.* 

Neg. 

1105 

17 

3 

Tb.* 

Neg. 

1105 

20 

6 

Tb.* 

Neg. 

1104 

17 

3 

Tb.* 

Neg. 

1104 

24 

6 

Tb.* 

Neg. 

1107 

17 

3 

Tb.* 

Neg. 

1107 

24 

6 

Tb.* 

Neg. 

1103 

17 

3 

Neg. 

Neg. 

1103 

24 

6 

Neg. 

Neg. 

1108 

17 

3 

Neg. 

Neg. 

1108 

24 

6 

Neg. 

Neg. 

1118 

30 

5 

Neg. 

Tb. 

1118 

90 

3.5 

Neg. 

Neg. 

1118 

90 

10 

Neg. 

Neg. 

1121 

30 

5 

Neg. 

Neg. 

1121 

90 

3.5 

Neg. 

Neg. 

1121 

90 

3.5 

Neg. 

Neg. 

1161 

30 

7 

Neg. 

Neg. 

m  =  Miliary  tuberculosis. 

The  other  i 

abbits  had  typical, 

massive  bovin 

tuberculosis. 

*  Slight. 

It  is  difficult  to  form  a  satisfactory  hypothesis  to  explain  the  mechan- 
ism by  which  bacteria  are  able  to  circulate  hundreds  of  times  within  the 
blood-stream  and  persistently  escape  the  tissue  filters.  The  feebly  vir- 
ulent human  type,  as  well  as  the  bovine  bacillus,  was  regularly  found 
in  the  blood  from  three  to  twenty  minutes  after  inoculation  (Table  5). 
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TABLE  5. — Early  Bleedings  of  Inoculated  Rabbits 
Nature  of  Inoculation 


Interval  After 

Inoculation, 

Minutes 


Bovine  (1  nig.) 
Bovine  (1  mg. ) 
Bovine  (1  mg. ) 
Human  (1  mg.) 
Human  ( 1  mg. ) 
numan  ( 1  mg.) 


3 

10 

20 

3 

10 
20 


Amount  of 
Blood  Tested, 
c.c. 


Result 


Tb. + 
Tb.+ 
Tb. + 
Tb.  + 
Tb.  + 
Tb.  + 


TABLE  6. — Anaphylactic  Symptoms  Following  Subcutaneous  Injection  of 

Rabbits'  Blood 


Condit 

on 

Amount 
rf  Blood 

Anaphyl- 
actic 

Death 

Remarks  * 

of  Rabbit 

Injected, 
c.c. 

Symptoms 

Bovine 

Tb. 

5 

+  + 

+ 

Died  in  %  hr. 

Bovine 

Tb. 

5 

— 

Bovine 

Tb. 

5 

+  + 

+ 

Bovine 

Tb. 

5 

+  + 

Bovine 

Tb. 

5 

+  + 

Bovine 

Tb. 

5 

+  + 

Bovine 

Tb. 

5 

+  + 

+ 

Died  in  I1!;  hrs. 

Bovine 

Tb. 

5 

+  + 

+ 

Died  in  1%  hrs. 

Bovine 

Tb. 

5 

+ 

Bovine 

Tb. 

5 

+ 

Bovine 

Tb. 

5 

— 

Bovine 

Tb. 

3.5 

+  + 

Bovine 

Tb. 

5.5 

+ 

Blood  in  refrigerator  over  night 

Bovine 

Tb. 

7 

+  + 

+  . 

Death  in  28  hrs. 

Bovine 

Tb. 

7 

+  + 

+ 

Blood   in  refrigerator  nine  days 

Bovine 

Tb. 

7 

+  + 

+ 

Blood   in   refrigerator  nine   days 

Bovine 

Tb. 

10 

+  + 

Bovine 

Tb. 

14 

++ 

. 

Human 

Tb. 

5 

Rabbits  almost  free  from  tubercu 
lous  lesions. 

Human 

Tb. 

5 

— 

Rabbits  almost  free  from  tubercu 
lous  lesions. 

Human 

Tb. 

5 

— 

Rabbits  almost  free  from  tubercu 
lous  lesions. 

!  [uman 

Tb. 

5 

— 

Rabbits  almost  free  from  tubercn 
lous  lesions. 

1  [uman 

Tb. 

r. 

— 

Rabbits  almost  free  from  tubercn 
lous  lesions. 

Human 

Tb. 

7 

+  + 

Rabbits  almost  free  from  tubercu 

lous  |esi< 

Human 

Tb. 

7 

+ 

Rabbil -  almosl  free  from  tubercu 
lous  lesion 

6 

+ 

Normal 

5 

— 

Normal 

5 

— 

— 

7 

+ 

Normal 

7 

+ 

Norma  l 

7 

— 

Normal 

7 

— 

Normal 

in 

+  + 

Normal 

10 

— 

Norma 

17.6 

+  + 

*  Guinea  ]>\ij~  weighed  aboul  250  gin 
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It  is  possible  that  the  bacilli  cling  to  the  walls  of  the  vessels  and  escape 
the  current  of  the  circulation  for  considerable  periods.  However,  in  view 
of  the  lack  of  experimental  data  in  this  particular  it  is  best  to  forego 
hypotheses.  This  is  likewise  true  in  regard  to  efforts  attempting  to 
account  for  the  difference  in  this  respect  between  the  virulent  and  the 
comparatively  avirulent  types  of  tubercle  bacilli.  It  is  not  attributable, 
however,  to  a  difference  in  the  opsonic  power  of  the  blood;  tests  which 
we  carried  out,  as  well  as  those  of  others,1  show  that  no  clear  distinction 
exists  between  the  indices  for  the  human  and  for  the  bovine  types  of 
tubercle  bacilli. 

In  the  course  of  the  inoculation  of  rabbits'  blood  into  guinea-pigs, 
interesting  toxic  (anaphylactic)  phenomena  were  frequently  observed — 
abdominal  distention,  coma,  spasm  of  the  hind  legs,  scratching  of  the 
face  and  other  symptoms  of  this  complex  which  are  well  known.  These 
symptoms  have  been  described  by  others,2  following  intraperitoneal 
inoculation  of  rabbit  serum,  as  well  as  local  necrosis,3  which,  however, 
we  did  not  encounter  in  the  course  of  our  many  subcutaneous  injections. 
It  seemed  to  us  as  if  the  toxic  symptoms  were  more  frequent  and  more 
marked  in  instances  in  which  blood  was  injected  from  rabbits  suffering 
from  bovine  tuberculosis.  Accordingly  we  undertook  an  extended  series 
of  tests,  summarized  in  Table  6,  to  gain  a  clearer  understanding  of  this 
reaction.  It  became  evident  that  our  impression  was  correct,  that  pigs 
injected  with  normal  blood  or  the  blood  of  rabbits  inoculated  with  a 
culture  of  the  human  tubercle  bacillus  reacted  less  regularly  and  with 
less  intensity  than  did  those  inoculated  with  an  equal  amount  of  the 
blood  of  rabbits  suffering  from  tuberculosis  of  the  bovine  type.  Guinea- 
pigs  inoculated  with  the  blood  from  the  bovine  rabbits  frequently 
died  with  symptoms  simulating  anaphylactic  shock.  Serum  stored 
in  the  refrigerator  for  some  days  retained  this  toxic  property.  The 
toxicity  cannot  be  explained  by  the  fact  that  in  the  one  case  we  were 
testing  the  blood  of  a  markedly  diseased  animal,  and  in  the  other 
that  of  an  animal  which  was  almost  normal,  for  the  blood  of  rabbits 
suffering  from  rabies  did  not  possess  similar  toxic  properties.  In  this 
connection  it  should  be  mentioned  that  Friedberger  and  Schuetze4  were 
able  to  extract  anaphylatoxin  in  the  test  tube  from  tubercle  bacilli,  by 
adding  normal  guinea-pig  serum  and  complement.  The  amount  of 
toxin  obtained  varied  according  to  the  proportion  of  antigen,  serum, 
and  complement  used,  and  the  period  of  extraction.     Our  results  con- 


1.  Koehlisch:     Ztschr.  f.  Hyg.,  1911,  lxviii,  193. 

2.  Thomson,  0.:     Ztschr.  f.  Immunitatsf.,  1909,  i,  741. 

3.  Pfeiffer:      Ztschr.  f.  Hyg.,  1897,  xxvi,  384. 

4.  Friedherger,  E.  and  Schuetze,  A.:  Ztschr.  f.  Immunitatsf.,  1911,  ix,  431. 
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stitute  a  confirmation  in  vivo  of  these  test-tube  experiments;  their  lack 
of  absolute  regularity  must  be  attributed  to  the  variability  of  the 
diverse  controlling  factors. 

CONCLUSIONS 

For  an  experiment  such  as  we  set  ourselves,  namely,  to  determine  the 
relation  of  virulence  of  bacteria  to  their  persistence  within  the  blood- 
stream, the  tubercle  bacillus  would  seem  to  be  especially  suitable.  Apart 
from  the  fact  that  it  multiplies  so  slowly,  that  this  factor  is  negligible 
in  a  test  of  short  duration,  it  occurs  in  two  types,  one  feebly  virulent  to 
rabbits  the  other  highly  virulent.  Morphologically  these  bacteria  are 
almost  identical ;  their  preeminent  difference  is  one  of  virulence.  Accord- 
ingly definite  quantities  of  these  closely  related  microorganisms  were 
inoculated  into  rabbits,  and  bleedings  were  carried  out  from  one-half 
to  four  hours  later  to  discover  whether  bacilli  were  still  circulating  in  the 
blood.  In  a  series  of  tests  of  this  nature  it  was  found  that  the  feebly 
virulent  human  type  of  bacillus  was  present  in  only  9  per  cent,  of  the 
tests,  whereas  the  virulent  bovine  bacillus  persisted  in  the  blood-stream 
in  59  per  cent,  of  the  cases.  These  results  seem  to  warrant  the  con- 
clusion that  virulence  plays  an  important  role  in  bacteremia,  and  that 
the  bacteria  may  not  be  filtered  from  the  blood  by  the  tissues  like  inert 
foreign  bodies.  The  fact  that  an  avirulent  bovine  strain  did  not  pe- 
rn the  circulation  strengthened  us  in  this  conclusion. 

It  is  remarkable  for  how  long  a  period  after  inoculation  bacteria  may 
still  be  found  in  the  general  circulation.  In  one  instance  in  which  but 
1  mg.  of  bovine  culture  was  inoculated,  these  bacilli  were  constantly 
found  in  the  blood  at  various  intervals  during  the  subsequent  twenty- 
seven  hours.  A  period  interveness  some  days  after  inoculation  during 
which  oven  the  virulent  organisms  are  not  found  in  the  blood.  However, 
this  constitutes  merely  an  intermediate  or  latent  phase,  and  is  followed 
by  another  phase  cycle,  in  which,  owing  to  the  tuberculous  condition  of 
the  animal,  there  is  a  reinvasion  of  the  general  circulation.  For  example, 
in  tests  performed  a  week  or  two  Bubsequenl  to  inoculation  do  bacilli  w 
found,  whereas  in  tests  repeated  a  month  Later,  when  systemic  tubi 
had  developed,  bacilli  were  frequently  demonstrated.  These  generaliza- 
tions are  sub  j  eel  to  exception;  in  the  case  of  one  animal,  although  tubercle 

bacilli  were  obtained  from  the  blood,  autopsy  seme  weeks  later  failed 
to  reveal  any  tuberculous  lesion. 

In  the  course  of  a  large  sen.'.-  of  injections,  the  interesting  and  sug- 

tive  phenomenon  was  noted,  that  the  bl I  of  the  highly  tuberculous 

rabbil  is  more  toxic  for  the  guinea-pig  than  thai  of  the  normal  rabbit. 

Ifi  i  West  '  Street. 
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The  later  investigations  in  purin  metabolism  have  disclosed  the  fact 
that  there  are  clearly  defined  differences  between  man  and  other  animals 
with  respect  to  the  ultimate  products  of  the  disintegration  of  the  purin 
nucleus.  Id  all  mammals,  man  excepted,  uric  acid  undergoes  oxidation 
prior  to  excretion,  so  that  in  the  dog,  for  example,  a  large  part  of  the 
preformed  uric  acid  is  found  in  the  urine  as  allantoin.  Likewise  in  those 
mammals  that  excrete  allantoin  in  appreciable  amounts,  it  has  been 
possible  to  demonstrate  in  the  organs,  usually  liver  and  kidney,  an 
enzyme  that  is  capable  of  destroying  uric  acid — uricase.  Up  to  the 
present  all  efforts  directed  toward  disclosing  uricase  in  man  have  met 
uniformly  with  negative  results,  and  Wiechowsky  has  shown  that  if  uric 
acid  is  destroyed  at  all  in  the  human  body  it  can  hardly  be  by  oxidation, 
since  the  diurnal  allantoin  excretion  averages  only  a  milligram.  There 
is  no  direct  evidence  with  respect  to  man  which  conclusively  demon- 
strates that  uric  acid  formed  in  the  body  undergoes  chemical  change 
before  excretion,  and  it  has  been  suggested  that  no  such  destruction 
occurs.  Evidence  pointing  toward  uricolysis  is  indirect  inasmuch  as 
the  theoretical  amount  of  uric  acid  resulting  from  ingested  nucleins  is 
not  recoverable  in  the  urine.  The  chemical  possibilities  other  than  simple 
oxidation  which  might  explain  uric  acid  destruction  in  the  human 
organism  do  not  concern  us  at  present,  further  than  to  note  regarding 
them  that  none  is  demonstrated. 

It  is  an  old  idea  that  abnormalities  in  purin  physiology  are  explicable 
as  a  simple  retardation  of  normal  processes — "delayed  metabolism"; 
later  this  conception  became  more  concrete  in  fixing  the  blame  on  the 
oxidative  functions  in  general  (Bouchard1).  When  it  became  evident 
that  the  respiratory  exchange  might  be  quite  normal  even  with  perverted 
purin  katabolism  (Magnus-Levy2),  the  hj^pothesis  of  diminished  oxida- 
tion was  narrowed  down  to  specific  cellular  processes  (Ebstein3),  which 
it  was  postulated  might  conceivably  suffer  without  appreciably  affecting 


*  From  the  medical  service  of  the  New  York  Hospital  and  the  Laboratory  of 
Biological  Chemistry,  Columbia  University,  at  the  College  of  Physicians  and  Sur- 
geons, New  York. 

*Manuscript  submitted  for  publication  Aug.  24,   1912. 

1.  Bouchard:  Les  maladies  par  valentissement  de  la  nutrition,  1S90. 

2.  Magnus-Levy:  Ueber  Gicht.  Ztschr.  f.  klin.  Med.,  1899,  xxxvi,  353. 

3.  Ebstein:  Yererbbare  zellulare  Stoffwechselkrankheiten,  1902. 
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the  sum  of  the  oxygen  exchange.  To  those  who  leaned  strongly  to  the 
idea  that  oxidation,  in  some  way  or  other,  must  be  accounted  the  impor- 
tant factor  in  perverted  purin  metaboli.-m  the  observation  of  Miinzer 
was  grist  to  the  mill.  He  noted  an  increased  uric  acid  excretion  follow- 
ing poisoning  with  carbon  monoxid  and  more  recently  Paton  has 
recorded  astonishingly  high  figures  for  uric  acid  excretion  in  coal-gas 
poisoning. 

Bee.!  the  theoretical  imp<  rvations  the  sub- 

ject of  diminished  oxidation  in  its  relation  to  uric  acid  excretion  \  - 
investigated.  The  question  is  reduced  to  its  simplest  terms  in  the  dog, 
where  allantoin,  a  direct  oxidation  product  of  uric  acid,  is  excreted  in 
the  urine  in  considerable  amounts.  Naturally  if  this  allantoin  is  a 
derivative  of  uric  acid  and  is  dependent  on  some  oxidizing  enzyme  for 
its  presence,  then  an  interference  with  the  oxidizing  process  might 
increase  the  uric  acid  output. 

Interference  with  the  absorption  of  oxygen  by  the  body  can  arise  in  - 
two  ways — (1)  By  effecting  chemical  change  in  the  hemoglobin  that 
prevents  it  from  combining  with  oxygen  and  fulfilling  its  carrying 
function.  Carbon  monoxid  poisoning  induces  this  result.4  (2)  By 
decreasing  the  oxidative  power  of  the  cells  themselves  so  thai  while  the 
oxygen  supply  may  be  suf  ie  tissues  are  nol  capable  of  utili: 

this  oxygen.  Cyanid  is  the  be-t  example  of  poisons  that  reduce  cellular 
oxidation.6 

AUTHOBS'    EXPEEIM] 

Our  experimi  conducted  as  follows:    The  dogs  were  Eed  un  a 

uniform   weighed  diet  of  hashed  meat,  cracker  meal,  lard  and  water. 
After  a  suitable  fore-period  the  animals  were  given  varying  amounts 
potassium  cyanid  hyp  .     Three  doses  were  given  daily — at 

LO  a.   m.  and   at   4  and  10  p.  m.     The  doses  varied  according  to  the 
the  animal  and  were  between  L0  and  11  mg.  per  kilo  body 
weight;    The  cyanid  in  all  ease.-  was  forced  to  whal  Beemed  the  maximum 
tolerance.    A  shorl   period  of  vomiting  was  followed  in  some  eases  by, 
convulsio  e  commonly  by  a  stuporous  slate.     Feedings  were  bo 

arranged  that  no  loss  of  food  resulted  from  the  vomiting  following  I 
injection  of  the  cyanid. 

The  results  of  the  experiments  with  dogs  are  shown  in  Table  I. 

I        possible  that  uric  acid  may  undergo  some  destructive  change  in 

unman  body  other  than  a  Bimple  oxidation  to  allantoin.    The  observa- 
tions of  I '  '.;  a  thai  oxidation  is  an  important  step 


■1.  Haldane:  Jour.  Physiol.,  l 
•    path.  Aj 

.;       |  ftung,   Bei  lin 

7.  Paton  and  Bason:  Jour.  Physiol.,  1901,  xxvi,  L66. 
p  ilma  :  Zeitschr.  f.  Heilkunde,  1896,  \\ 
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in  such  a  transformation.  Cases  of  illuminating  gas  poisoning  that  were 
brought  into  the  New  York  Hospital  were  utilized  to  test  this  hypothesis. 
A  careful  selection  was  made  among  the  cases  presented  for  study  since 
we  had  no  means  of  knowing  at  once  for  what  periods  the  individual 
had  been  exposed  to  gas.     When  the  "gas  case"  was  brought  into  the 

TABLE  1. — Effect  of  Cyanide  on  Dogs 

UBINABY  NITBOGEN 
DOG   I 

j.   ,  Total         Uric  Acid  Purin  Base 

^q-.,  Nitrogen,    Nitrogen,     Nitrogen, 

Grams         Grams  Grams 

March  25,  26 5.01  .0168  .0196 

March  27,  28 5.17  .0182  .0210 

March  29,  30 5.13  .0187  .0210 

March  31  and  April  1.  4.65  .0165  .0154  KCN— 25  mg.  T.  I.  D. 

DOG  II 

May  17,   18 6.41  .0185  .0174 

May  19,  20 6.45  .0193  .0178 

May  21,  22 6.04  .0182  .0169  KCN— 35  mg.  T.  I.  D. 

May  23,  24 6.29  .0203  .0158  KCN— 40  mg.  T.  I.  D. 

TABLE  2. — Studies  of  Ubine  in  Cases  of  Gas  Poisoning 

UBINABY  NITROGEN 

Volume  Total  Ammonia     TT  .        ., 

Case  Urine,  Nitrogen,         Nitrogen,     U"c  acid' 

c.c.  Grams  Grams  (jrams 

I,  2d.  24  h 770  15.22  .98 

.89 

3d.  24  h 610  14.56  1.13 

.42 

II     1710  26.18  1.05 

1.46 

III     730  15.67  .56 

.86 

UEINAEY  SULPHUR 

Total  Total  Neutral       Neutral 

r                                     Sulphur  Sulphates  Sulphur       Sulphur 

S04  SO,  SO,  Per  cent,  of 

Grams  Grams  Grams         Total  S. 

I,  2d.  24  h 2.70  2.20  .50  18 

II 5.62  5.15  .47  8 

HI  2.69  2.57  .12  4 


reception  ward  from  the  ambulance  the  patient  was  at  once  catheterized 
and  the  urine  used  for  routine  tests.  After  this  the  man  was  cathe- 
terized every  six  hours  and  the  urine  saved.  If  he  remained  unconscious 
for  twenty-four  hours  the  total  urine  for  that  period  was  used  for  study. 
If  consciousness  returned  before  the  full  day  elapsed  the  collection  was 
discontinued  and  study  of  the  case  abandoned.     In  this  way  only  such 
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cases  were  utilized  as  had  been  exposed  to  gas  for  some  time.  Certain 
unavoidable  sources  of  possible  error  exist  in  the  employment  of  these 
cases.  We  have  no  knowledge  of  the  food  taken  before  narcosis.  Also 
all  patients  were  subjected  to  phlebotomy  as  a  therapeutic  measure, 
but  since  this  is  a  common  factor  it  is  not  a  serious  obstacle  in  the 
investigation. 

The  results  of  the  analyses  of  the  urines  are  recorded  in  Table  2.  In 
the  first  place  it  is  to  be  noted  that  the  uric  acid  excretion  while  high, 

ot  without  the  bounds  of  normal  for  the  conditions  of  this  experiment. 
Carbon  monoxid  poisoning  causes  a  marked  stimulation  of  katabolic 
processes;  the  high  nitrogen  excretion  represents  one  phase  and  the 
uric  acid  another.  Xo  such  amounts  of  uric  acid  were  excreted  as  were 
recorded  by  Paton  and  one  is  not  justified  in  ascribing  the  rather  high 
excretion  found  to  diminished  oxidation  primarily,  since  it  may  be  wholly 
accounted  for  by  other  factors.  A  most  surprising  fact  is  that  only  one 
of  these  cases  (Case  1)  presents  tangible  evidence  of  cellular  suboxida- 
tion.  In  this  case  the  amount  of  unoxidized  (neutral)  sulphur  is  such  a 
large  proportion  of  the  total  that  diminished  oxidation  is  probably  the 
explanation.  This  case  was  apparently  profoundly  poisoned,  judging 
from  the  period  of  coma.  In  the  other  cases  no  such  condition  was 
found,  yet  the  uric  acid  excretion  was  even  greater  in  some  of  them. 

It  is  shown  by  results  of  analyses  here  presented  that  retardations  of 
the  oxidizing  processes,  either  by  deprivation  of  oxygen  or  by  inter- 
ference with  cellular  functions,  were  not   followed  by  increased  uric  acid 

retion.  It  appears  improbable,  therefore,  that  uric  acid  destruction 
in  the  body  is  a  simple  oxidizing  process. 


THE  SCAPHOID  SCAPULA:  A  NORMAL  VARIATION 

IN    MAN* 

RUBY  L.  CUNNINGHAM 

BERKELEY,  CALIF. 

Dr.  Graves1  has  recently  called  attention  to  a  type  of  scapula  which 
he  designates  as  "scaphoid."  The  character  of  the  vertebral  border 
determines  whether  a  scapula  is  scaphoid  or  not.  Our  best  known  ana- 
tomical test-books2  describe  the  vertebral  border  as  "arched,"  "of  curved 
or  somewhat  irregular  outline"  and  "nearly  vertical  from  the  lower  angle 
to  the  triangular  smooth  place  on  the  dorsum  opposite  the  spine."  Morris3 
does  not  mention  the  curve  of  the  vertebral  border,  but  agrees  with  the 
other  authors  in  figuring  the  bone  with  a  vertebral  border  gently  curved 
toward  the  spinal  column.  Thomas  Dwight,4  in  speaking  of  the  variations 
of  the  vertebral  border,  states : 

The  most  common  form  of  the  scapula  presents  a  line  slightly  curved  at  the 
lower  part  and  then  straight  as  far  as  the  root  of  the  spine,  from  which  point 
it  inclines  slightly  forward  till  it  ends  at  the  upper  angle.  The  forward  inclina- 
tion of  the  upper  part,  though  varying  in  degree,  is,  so  far  as  I  know,  constant, 
but  the  rest  of  the  line  varies  much.  Sometimes  it  is  almost  straight,  sometimes 
the  whole  border  of  the  bone  is  convex,  sometimes  the  border  below  the  spine  is 
concave. 

These  scapulae  with  vertebral  borders  concave  below  the  spine  Graves 
designates  as  "scaphoid."  He  finds  them  differing  from  the  convex  type 
of  scapula,  first,  in  having  a  scapular  index  of  2.3,  less  than  that  of  the 
average  type;  second,  in  having  vertebral  borders  more  nearly  parallel  to 
the  long  scapular  axis ;  third,  in  having  a  spine,  as  a  rule,  more  nearly  at 
right  angles  to  the  long  scapular  axis;  fourth,  in  having  poorly  marked 
anterior  and  posterior  lips,  and  intermediate  surface  of  the  vertebral 
border,  and  fifth,  in  possessing  tuberosities  varying  in  size  and  number, 
frequently  found  along  the  vertebral  border,  which  he  calls  "border  buds." 

As  normal  variations  they  are  of  passing  interest,  but  considered  as 
"A  Frequent  Anomaly  in  Development  of  Hereditary,  Clinical  and  Anat- 
omical Significance,"  they  at  once  demand  attention. 


•■Manuscript  submitted  for  publication  August  30,  1912. 

*From  the  Hearst  Anatomical  Laboratory  of  the  University  of  California. 

1.  Graves:  The  Scaphoid  Scapula.  A  Frequent  Anomaly  in  Development  of 
Hereditary,  Clinical  and  Anatomical  Significance.  Med.  Eec.  New  York.  Mav  21, 
1910. 

2.  Gray:  Anatomy;  Cunningham:  Text-Book  of  Anatomy:  Piersol:  Human 
Anatomy 

3.  Morris:  Human  Anatomy. 

4.  Dwight :  The  Range  of  Variation  of  the  Human  Shoulder  Blade.  Am. 
Nat.,  1887. 
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Among  198  dry  bones  Dr.  Graves  found 

121  or  61  per  cent,  convex  or  "normal," 
51  or  2G  per  cent,  straight, 
26  or  13  per  cent,  concave  or   scaphoid. 
Among  72  dry  bones  examined  here 

34  or  47  per  cent,  were  convex, 

19  or  26  per  cent,  straight. 

19  or  26  per  cent,  concave  or  scaphoid. 

From  this  we  see  that  the  scaphoid  scapula  is  of  frequent  occurrence. 

The  claim  made  for  its  hereditary  and  clinical  significance  may  be 
judged  from  the  title  to  Dr.  Graves'5  article,  "The  Scaphoid  Scapula  Syn- 
drome: Its  Connection  with  Syphilis  in  the  Ascendants." 

Table  1. — Results  of  Measurements  of  Scapulae  of  Men 


-  Normal  - 

S 

caphoi 

d 

No. 

No. 

Result 

No. 

No. 

Result 

Obs. 

(  a~cs 

Wing-like   scapulae,   both.... 

134 

99 

71.(1 

119 

80 

67.0 

Per  cent. 

Prom,   aerom.-clav.   artic 

134 

88 

65.0 

119 

72 

60.0 

Per  cent. 

Clavicles  —  or  /\* 

134 

54 

40.0 

lit* 

58 

4S.0 

Per  cent. 

Abnormal  chests    

129 

128 
129 

129 

41 
45 
15 

8 

31.8 

34.0 

11.0 

6.2 

109 

109 
109 
109 

50 

38 

9 

3 

46.0 

35.0 
8.0 

'J. 7 

Per  cent. 

Spinal  curves  

Per  cent. 

Palpable  "lands  

Per  cent. 

Adenoids   operated    

Per  cent. 

Tonsils  operated    

129 

14 

10.9 

109 

14 

H2.ii 

Per  cent. 

Tonsils  enlarged    

129 

19 

14.8 

109 

1!) 

17.n 

Per  cent. 

Abnoi  mal  hearts  

129 

6 

4.7 

108 

3 

2.7 

Per  cent. 

mal  lungs  

129 

120 

0 

0.0 
114.6 

His 
108 

1 

,!i 
120.5 

Per 

pressure   i  standing)  . . . 

mm.    Hg. 

Blood-pressure   (sitting)    .... 

lis 

120.3 

His 

121.6 

mm.    Hl'. 

Average  age   

129 

20.3 

108 

19.8 

Average  weight   

'IS 

62.3 

ss 

04.1 

eight   

98 

1715.0 

91 

1717.:: 

On 

Average   lung  capacity 

95 

4.15 

91 

Liters 

Lung  cap'y  less  than  2.5  L... 

1  Per  cent. 

al  development,  excellent 

129 

21 

16.0 

ins 

19 

17. ii 

I'd-  cent. 

al  develo]                od  . . . 

Per  cent. 

.1  development,  avei 

129 

68.0 

108 

7:: 

Per  cent. 

al  development,  fair.  .  . . 

Per  cent. 

il   development    poor. .  . 

129 

20 

in. ii 

Ins 

16 

- 

Per  i 

i  i  s  foreign   

78 

29.0 

■J  Hi 

65 

30.0 

Pel  i 

32 

1  •_'.  t 

•J  n 

9.0 

Per  cent. 

No.  children   per  family 

129 

511 

:;  9 

Ins 

■ll  i 

Per   lam. 

129 

36 

.27 

HIS 

36 

.22 

Per   fam. 

1  i  irizontal  or  elevated  at  sternum. 

Anatomically,  individuals  with  -< :aphoid  scapulae  are  said  to  differ 
froi  e  individuals  in  having  longei  early 

in  a  horizontal  Ii'  prominenl  acromioclavicular  articulations  and 

"wing-like"   inferior 

due  in  any  w;i\  to  syphilis  in  the  ascendants, 
we  wiiil.l  expeel  to  find  in  individuals  having  scapulae  of  this  type  other 

n  hich  <  Iraves  mentions,  <b-\  iating 

whole   individual,   tl  □ t   arteri  al 

in  i  :;  lly  early  periods  of  life,  disharmony  in  physical  and  mental  devel- 


r>.  Graves:     The  Scaphoid  Scapula   Syndroi  Connection   with   Syphilis 

in  th<  [nterstate  Med.  Jour.,  l"i  l.  w  iii,  No.  l. 
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opment,  abnormal  degree  of  lymph-node  palpability,  relative  frequency 
of  adenoids,  frequent  catarrhal  affections  developing  early  in  infancy  and 
persisting  for  years,  and  nocturnal  incontinence. 

In  order  to  get  an  idea  of  the  occurrence  of  the  scaphoid  scapula  and 
to  work  out  its  syndrome  from  a  large  number  of  seemingly  average 
individuals,  measurements  of  the  shoulder  blades  of  incoming  students 
of  the  University  of  California  were  made  in  August,  1912.  The  relative 
heights  of  the  two  shoulders,  the  length  of  the  neck,  the  angle  made  by 
the  clavicles,  the  prominence  of  the  acromioclavicular  articulation,  and 
the  prominence  of  the  inferior  angle  of  the  scapula  were  noted  and 
recorded. 

On  entrance  to  the  university  all  students  are  given  a  rigid  medical 
and  physical  examination.  As  soon  as  they  were  dismissed  by  the  medical 
examiner  they  presented  themselves  for  the  scapular  measurements.  The 
subject  stood  erect  and  quiet  for  a  few  moments.  The  vertebral  borders 
of  the  scapulae  were  palpated  with  the  index  finger  and  carefully  outlined 
with  a  blue  wax  pencil.  The  prominent  bony  part  of  the  dorso-lateral 
extremity  of  the  acromion  process  was  marked  and  by  pressing  the  full 
length  of  the  index  finger  against  the  caudal  border  of  the  crest  of  the 
spine  the  direction  of  the  spine  was  determined  and  marked  in  blue  pencil. 


Fig.   1. — Showing  method  of  determination  of  variety   of  scapula. 

To  be  sure  that  the  scapulae  had  not  changed  in  position  and  that  the 
lines  and  points  were  correctly  marked,  all  of  the  lines  of  both  scapulae 
were  palpated  a  second  time. 

The  distance  between  the  vertebral  borders  of  the  scapulae  at  the 
bases  of  the  spines  was  measured  and  recorded  as  distance,  AB  (Fig.  1). 
About  lVo  inches  from  the  inferior  angle,  a  second  measurement  of  dis- 
tance between  the  vertebral  borders  was  taken  and  recorded  as  CD.  Half- 
way between  AB  and  CD,  a  third  measurement,  EF,  was  made. 

If  the  average  length  of  AB  and  CD  (  A  B  +  °  D  ),  is  greater  than 
EF,  the  scapulae  are  convex  toward  each  other.  If  the  average  of  AB 
and  CD  is  equal  to  EF,  the  vertebral  borders  are  straight,  and  if  the 
average  is  less  than  EF,  the  scapulae  are  concave  toward  one  another  or 
scaphoid. 

In  most  cases  little  difficulty  was  encountered  in  palpating  the  points 
and  lines  desired,  but  among  the  women  one  swimmer,  one  violinist,  a  few 
obese  individuals  and  several  others,  offering  difficulties  of  measurement. 
were  allowed  to  pass  unrecorded. 
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In  order  to  select  groups  having  grpatest  concavity  of  scapular  border, 

only  those  having  EF  greater  than  the  average  of  AB  and  CD  by  more 

than  1  cm.  were  considered  typically  scaphoid,  and  all  having  vertebral 

borders  in  any  degree  convex  toward  each  other  were  considered  "normal." 

-    In  all,  1,067  individuals  were  measured  with  the  following  results: 

Men — Women — -  Total 

No.  Percent.  Xo.  Percent.  No.  Percent. 

"Normal"  134  21  150  36  286  27.0 

Straight  120  19  47  11  167 

Scaphoid  by  less  than  .5  cm 104  16  102  24  206  L9.5 

Scaphoid  by  from  .5  to  1  cm....      164  26  76  18  2*0  22.1 

Scaphoid  by  over   I   cm 117  18  43  10  160  15.1 

In  order  to  determine  if  the  scaphoid  individuals,  as  a  class,  - 
evidences  of  "blight,"  the  L34  '''norm;:!'"  men  have  been  contrasted  with 
the  117  decidedly  scaphoid  men.  and  the  150  '•'normal'"'"  women  with  the 
43  decidedly  scaphoid  women. 

The  following  tables  give  the  results  of  the  measurement-   together 
with  other  data  bearing  on  the  problem.     Weights,  heights  and   lung 
capacities  were  obtained  from  the  gymnasium  records,  and  the  other  j; 
from  the  records  of  the  medical  examiners. 

1  -  were  recorded  as  normal,  flat,  funnel  or  pigeon-shaped.  All  of 
those  not  recorded  as  normal  were  here  classed  as  abnormal.  Spinal 
■  curves  were  recorded  as  normal,  lordosis,  scoliosis  and  kyphosis.  All 
other  than  normal  were  grouped  as  abnormal  even  though  the  abnormality 
was  marked  (slight).  Palpable  inguinal,  axillary  and  cervical  glands 
were  recorded.  Tonsil  and  adenoid  observations  were  made  by  a  specialist. 
Blood-pressure  was  measured  by  a  Mercer  apparatus  accurate.to  5.00 
millimeters.     Heart  action  ws  egular,  irregular  or  inter- 

mittent.   Where  functional  disordi  presenl  note  was  mai 

fact.     All   not  marked  regular  were  here  clas*  bnormal.      Lungs 

wew  I   negative  .  and  note  was  made  of  the  abnormal 

respiratory  -  Under  general  development  Buch  factors  as  Btature, 

nutrition  and  general  muscular  tone,  were  considered. 

The  comparative  figures  do  aol   Bhow  thai   the  scaphoid   scapula   is 

ited  with  blighl  or  disharmonies.     Among  both  the  men 

women  the  avera  ing  college  is  lower  for  Bcaphoid 

than  for  "normal"  individuals  which  argues  well  for  mental  development. 

weights  and  heights  of  the  two  •  ire  hardly  sufficiently 

different  to  be  worthy  of  note.    The  "normal"  women  avi  i  ittle 

heavier  and  the  scaphoid  a  little  taller,  while  the  scaphoid  men  are  both 

,i<T  and  taller.    Among  the  women  there  is  Blightly  less  lymph-node 
d  and  :i  alargemenl  in  those  of  the  scaphoid  group, 

among  thi    men  the  Bcaphoid  group  Bho\*   less  lymph-node  and  adenoid 
difficulty,    but    a    higher    pi      i  operation    am 

enlargement. 
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The  blood-pressure  comparisons  are  of  especial  importance  on  account 
of  the  fact  that  the  arterial  changes  shown  by  those  having  scaphoid 
scapulae  lead  Graves  to  suspect  syphilis  as  one  cause  of  the  imperfect 
development  of  the  scapula. 

Among  the  women  the  average  blood-pressures  of  the  normal  and 
scaphoid  groups  are  identical  within  the  limit  of  error  of  the  apparatus. 
Among  the  men  those  with  scaphoid  scapulae  show  a  slightly  higher  blood- 
pressure,  both  when  standing  and  when  reclining. 

Table  2. — Results  of  Measurements  of  Scapulae,  Etc.,  of  Women 


No. 

-  Normal 

No.      Eesult 

S 

No. 

caphoi 
No. 

d 

Result 

Obs. 

Cases 

Obs. 

Cases 

136 

41 

30.0 

38 

14 

37.0 

Per  cent. 

136 

27 

19.8 

38 

8 

21.0 

Per  cent. 

136 

72 

52.9 

38 

17 

44.7 

Per  cent. 

136 

45 

33.0 

38 

13 

34.2 

Per  cent. 

136 

42 

30.8 

38 

14 

36.8 

Per  cent. 

136 

18 

13.2 

38 

4 

10.5 

Per  cent. 

136 

24 

17.6 

38 

6 

15.8 

Per  cent 

136 

11 

8.0 

3S 

2 

5.2 

Per  cent. 

136 

10 

7.3 

38 

1 

2.6 

Per  cent. 

136 

10 

7.3 

38 

2 

5.2 

Per  cent. 

136 

12, 

8.8 

38 

4 

10.5 

Per  cent. 

136 

61 

4.4 

38 

2 

5.2 

Per  cent. 

136 

120.6 

38 

120.5 

mm.   Hg. 

130 

116.0 

37 

116.8 

mm.   Hg. 

118 

21.8 

32 

20.2 

Years. 

83 

53.6 

15 

52.7 

Kilos 

86 

1617.0 

15 

1620.0 

Centim. 

85 

2.53 

15 

2.34 

Liters 

85 

30 

35.0 

15 

5 

33.0 

Per  cent 

136 

9 

6.6 

38 

0 

0.0 

Per  cent. 

136 

34 

25.0 

38 

6 

15.8 

Per  cent 

136 

71 

52.2 

3S 

16 

42.1 

Per  cent 

136 

19 

14.0 

38 

15 

39.5 

Per  cent 

136 

5 

3.7 

38 

0 

0.0 

Per  cent. 

272 

67 

24.6 

76 

12 

15.7 

Per  cent 

272 

32 

11.7 

76 

10 

13.2 

Per  cent. 

136 

557 

4.10 

36 

141 

3.91 

Per  fam 

136 

56 

.41 

36 

24 

.66 

Per  fam 

Wing-like   scapulae,   both.... 

Wing-like  scapula,  one 

Prom,  acrom.-clav.  artic 

Clavicles  —  or  /\*   

Abnormal  chests   

Spinal  curves   

Palpable   glands    

Adenoids  operated 

Tonsils  operated    

Tonsils   enlarged    

Abnormal  hearts   

Abnormal    lungs    

Blood-pressure  (standing)  .  . 
Blood-pressure  (sitting)    .... 

Average  age  

Average  weight   

Average  height    

Average  lung  capacity 

Lung  eap'ty  less  than  2.5  L.  . 
General  development,  excellent 
General  development,  good.  .  . 
General  development,  average 
General  development,  fair... 
General  development,  poor... 

Parents,   foreign    

Parents,    dead    

No.  children  per  family 

Death  rate    

*Horizontal  or  elevated  at  sternum. 

The  variations  throughout  the  tables  are  quite  such  as  one  might 
expect  to  find  in  comparing  two  groups  of  equal  numbers  selected  at 
random. 

So  far  we  are  led  to  conclude  that  among  average  individuals  between 
the  ages  of  16  and  25  the  scaphoid  type  of  scapula  is  of  frequent  occur- 
rence, but  of  no  clinical  significance. 

In  order  to  contrast  a  group  of  deviates  with  the  student  class  already 
studied,  442  inmates  of  the  State  Home  for  the  Feeble-Minded  at 
Sonoma,  Cal.,  were  examined. 

It  was  quite  impossible  to  get  them  in  good  attitudes  and  keep  them 
quiet  so  as  to  outline  the  vertebral  borders  of  the  scapulae  and  measure 
them,  so  palpation  had  to  be  depended  on. 
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With  the  entire  length  of  the  index  finger  of  one  hand  pressed  against 
the  caudal  edge  of  the  spine  of  the  scapula  and  directed  toward  the 
vertebral  border  the  base  of  the  spine  was  located.  The  index  finger  of  the 
other  hand  was  placed  on  the  vertebral  border  at  this  place  and  the  other 
three  fingers  spread  out  along  the  caudal  part  of  the  vertebral  border. 
By  their  position  and  by  moving  them  up  and  down  along  the  vertebral 
border  its  character  could  qn  •  ,  unless  it  was  on  the 

border  line  between  convex  and  straight  or  concave  and  straight.   In  many 

Table  3. — Totals  of    cables  1  and  2 


Wing-like   Scapulae    

Prom,  acrom.-clav.  artic 

( Slavicles  —  or  /\*    

Abnormal  chests    

Spinal  curves  

Palpable  glands  

Adenoids    operated 

Tonsils  operated    

•  ■■I    

Abnormal  hearts   

Abnorms  I  lungs  

I«i essure  <  standing)  . . 
Blooil-|.,  ■  ssure  I  sitl  ingj    .... 

average  age   

Average  weight   

Average  height    

ige  Lung  capacity  

Lung  cap'ty  less  t  han  •_'.■")  L. . 
'•■'Dent 

:  ;il  development  good ... 
General  development,  average 
General  development,  fair  ... 

Parents  foreign  

-  dead    

No.  children   per  family 



I  [orizontal  or  elevati  d  al  Bternum. 


-  Normal 

S 

caphoi 

d 

No. 

No. 

No. 

No. 

Obs. 

Obs. 

270 

140 

51.8 

157 

94 

60.0 

Pi  r  cent 

270 

160 

59.0 

157 

89 

56.6 

Per  cent 

27ii 

99 

36.6 

157 

71 

45.2 

Per  cent 

265 

83 

31.3 

147 

64 

43.5 

Per  cent 

264 

63 

24.0 

147 

42 

28.6 

Per  cenl 

265 

39 

14.7 

147 

15 

ID. -J 

Per  cent 

265 

19 

7.1 

147 

5 

3.4 

Per  cent 

265 

24 

9.0 

147 

15 

10.2 

Per  cent 

265 

29 

10.9 

L47 

21 

L4.3 

Per  cenl 

265 

18 

6.8 

i  ;•; 

7 

4.8 

Per  c  'in 

265 

6 

2.2 

146 

3 

■_'.() 

Pei    ('('lit 

256 

117.6 

146 

L20.5 

mm.   Eg 

25  1 

118.15 

L45 

L19.2 

nun.    Hi' 

247 

21.05 

140 

20.0 

Years 

isl 

58.45 

103 

58.4 

Kilos. 

184 

1666.0 

106 

1683.6 

(  .'lit  mis 

180 

3.34 

106 

3.28 

Liters 

85 

30 

35.0 

15 

5 

33.0 

I',  r  cenl 

265 

30 

11.3 

146 

19 

13.0 

Per  cent 

L3fl 

34 

24.0 

38 

6 

15.8 

Per  cenl 

159 

60.0 

146 

60.6 

,  lv,~  cent 

L36 

lit 

14.0 

38 

15 

39.0 

Per    relit 

265 

25 

9.4 

i  n; 

16 

L0.9 

Per  cent 

530 

143 

27.0 

292 

77 

26.0 

Per  cenl 

530 

64 

L2.0 

292 

30 

10.2 

Per  cenl 

266 

1068 

4.03 

1  II 

655 

3.85 

P(  i     fa  in 

265 

92 

.34 

1  II 

mi 

.41 

Per   fain 

■  w;i^  impossible  (<>  judge  positively  of  the  nature  of  the  bord<  c 

I  on  the  figi 

indicate  a  lower  number  of  convex  and  scaphoid  Bcapula  i  and  a  higheT 
number  of  (lie  straight  scapulae  than  if  they  had  been  measui 

(>,i  account  of  the  impossibility  of  making  measurements  on  thi  ■ 
,<■{  comparisoi  ol  1"'  made  between  them  and  the  Btudenl 

class. 

Bowever,  the  c pa] 

Btudenl   '  Deviate  I 

l'ii  cent. 

■  bra]  borders 

I  hi   and  qu 

26 
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Had  the  student  class  been  palpated  instead  of  measured,  many  of 
those  here  classed  as  normal  and  apparently  scaphoid,  would  have  been 
put  with  the  questionable  or  straight. 

The  'Wassermann  test  for  syphilis  has  been  made  by  Dr.  Linforth  on 
practically  all  of  the  women  of  the  Sonoma  State  Home.  Of  the  304 
whose  scapulae  were  measured,  eight  gave  a  positive  test.  Of  these  none 
was  under  16  years  of  age,  so  that  in  no  case  could  we  safely  assume  that 
the  disease  was  congenital.  However,  among  the  eight,  three  had  convex 
scapulae,  three  straight  or  questionable  scapulae  and  two  scaphoid 
scapulae. 

Since  among  over  1,000  college  students  those  with  scaphoid  scapulae 
show  no  "blight,"  and  since  "normal"  scapulae  are  almost  as  frequent 
among  deviates  as  among  students,  and  scaphoid  scapulae  as  frequent 
among  students  as  among  the  feeble-minded,  there  seems  to  be  little  cause 
to  consider  it  an  anomaly  or  to  hunt  for  an  explanation  for  the  condition 
in  the  history  of  the  individual  or  his  ascendants,  and  we  must,  with 
Thomas  Dwight,  consider  as  a  normal  variation  scapulae  in  which  "the 
border  below  the  spine  is  concave." 

Table  4. — Turner's  Figures  on  Scapular  and  Infraspinous  Indices  of 

Various  Races 

Race  No.  of  Scapular     Infraspinous 

Scapulae  Index  Index 

Lapps     8  62.0  85.9 

Esquimaux    8  61.0  81.3 

Tasmanians    6  60.3  81.4 

Australians    28  64.9  88.5 

Bushmen     10  66.2  89.7 

Polynesians     32  66.6  89.4 

Peruvians    46  66.5                 89.6 

Fuegeans  9  65.0       .... 

Europeans 462  65.3       87.S 

Nesroes  100  69.7       98.5 

Andamanese    27  70.2                 97.3 

Melanesians    26  69.S                 93.8 

Malayians   10  68.9                 93.8 

Much  attention  was  directed  to  the  scapula  by  the  paper  read  by  Broca 
before  La  Societe  d'Anthropologie  in  1878,  in  which  he  defined  scapulae 
and  infraspinous  indices,  and  proposed  them  as  methods  of  determination 
of  race.  He  found  Negroes,  Andamanese  and  Australians  to  have  high 
indices,  which  means  broad  scapulae,  and  speaks  of  them  as  "consequently 
of  a  lower  type,"  having  already  pointed  out  the  fact  that  in  all  orders  of 
animals,  except  bats,  the  scapular  index  is  greater  than  in  man. 

During  the  following  year  many  measurements  of  scapulae  were 
undertaken.  Thomas  Dwight,  of  Harvard,  collected  what  data  he  could 
from  others,  and  adding  to  them  his  own  findings,  largely  obtained  from 
bones  of  American  Indians,  published  an  article  in  the  July  American 
Naturalist,  in  1887,  on  "Variations  of  the  Human  Scapula,"  in  which  he 
concluded  that  the  Kentucky  Mound  Builders  had  decidedly  higher 
indices,  or,  in  other  words,  broader  scapulae,  than  the  Caucasians. 
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Dorsey,  on  the  contrary,  found  the  West  Coast  Indians  to  have  a  mean 
scapular  and  infraspinous  index  lower  than  any  yet  recorded  for  any 
race  except  Esquimaux.  Hottentots  and  Tasmanians. 

Sir  "William  Turner,  in  his  ''Report  on  the  Bones  of  the  Human 
Skeleton,"  gives  the  figures  shown  in  Table  4. 

In  conclusion  to  his  comparison  of  the  scapulae  he  says : 

Should  there  be  anything  in  the  habits  of  one  race  of  men  which  might  require 
a  particular  group  of  scapular  muscles  to  be  used  and  developed  to  an  extent 
far  greater  than  in  another  race,  then  it  is  not  unlikely  that  the  area  of  attach- 
ment of  these  muscles  in  that  race  would  be  widened  and  lengthened  to  an  extent 

uter  than  in  the  case  of  those  races  in  which  the  same  group  is  not  similarly 
exercised,  and  the  proportion  of  those  parts  of  the  scapula  to  the  rest  of  the 
bone  would  in  so  far  he  modified.  The  arboreal  habits  of  the  ape  require  that  it 
should  use  its  upper  limbs  for  purposes  of  climbing  and  for  swinging  itself  from 
one  branch  of  a  tree  to  another,  so  that  the  muscles  engaged  in  the  elevation  of 
the  upper  limb  require  to  be  powerful,  which  would  account  for  the  greater  devel- 
opment of  the  supraspinatus  muscles  and  fossa,  and  would  probably  lead  also  to 
the  greater  obliquity  of  the  scapular  spine  than  in  the  case  of  man.  In  a  similar 
manner  one  would  expect  to  find  in  those  races  of  men,  as  the  Australians,  who 
climb  tree-  in  quest  of  food,  or  those  natives  in  the  interior  of  New  Guinea, 
whose   houses  are  built   in   the  upper   branches   of   lofty   trees,   a    commensurate 

■lopment  of  the  elevatorj  muscles  of  the  upper  limb  and  of  their  respective 
areas  of  attachment.  But  in  connection  with  this  development,  the  additional 
area  mighl  be  obtained,  either  by  an  addition  to  the  length  or  breadth  of  the 
surface,  or  perhaps  both  to  the  length  and  breadth. 

Considering  the   Bubject    from   an   evolutionary   point  of  view   and 
accepting  the  underlying  idea  of  Sir  William  Turner's  quotation,  we  may 
rl  as  a  primitive  race  we  inherit  broad  scapulae  with  convex 
1   borders  and  those  races  making  much  use  of  their  shoul 
nave  besl    preserved  such  Bcapulae;  thai   among  civilized   n 
where  the  arms  are  comparatively  little  used  decrease  in  size  has  followed 
ease  in  use.    The  decrease  maj  be  either  in  length  or  breadth  or  both 
may  a<  count  for  the  s<  aphoid  scapula. 

c  evidence  for  considerin  aphoid  Bcapula  as  an  anomaly  of 

i  lopmenl  is  lacking,  and  since  [i         •     ble  thai  man's  upright  position 

at  lead  to  Buch  a  variation  from  the  animal  type,  it  Bei  ms  irom 

tandpointj  as  well  as  from  the  clinical,  to  consider  the 

Bcaphoid  Bcapula  as  a  normal  variation. 

In  -addition  to  the  references  cumbered  In  the  text  the  following  are  given: 
Mivart:    Appendicular   Skeleton   of    the   Primate-.     Phil.   Trans.,    L67,    1867, 
clvii,  304. 

The  <  lini  the  Bcaphoid  Type  of  Bcapula  and  Some 

(■relations.    Jour.  Am.  Sled.    Issn  .  1910,  Iv,  12. 
Knl,-  >iic-  Skaphoide  Form  des  Schulterblattes.  Wien.  klin.  Wchnschr., 

191 1.  So. 

Kellner:   [Jeber  Scapular  Scaphoideae.     Deutsch.  med.  Wchnschr.,  1911,  p.  91. 

'I  urner:  <  hallenger  Report  -.  Vol.  wi. 

Doi  ■}  ■.  Observations  on  the  Scapulae  of  the  Norths  Indians.     Am, 

;    p.  736. 
Kingsley:    Foramina  of  Bcapulae.     Science,  V  S.,   1900,  ii.  167. 
Schi]         i        Schulterblatl   dee   Menschens  und  der  Anthropoiden,     Mitt.  d. 
lach.,   1910,  Wien,  >'.  231. 


ERYTHKEMIA,  OE  POLYCYTHEMIA  WITH  CHKONIC 
CYANOSIS  AND  SPLENOMEGALY 

REPORT  OF  TWO  CASES  WITH  A  SUMMARY  OF  179  CASES 
REPORTED  TO   DATE  * 

WALTER  S.  LUCAS,  M.D. 
Jefferson  Medical   College  Hospital,  Out-Patient  Department 

PHILADELPHIA 

Renewed  interest  has  recently  been  shown  in  that  primary  form  of 
polycythemia  with  chronic  cyanosis  and  splenomegaly  which  was  first 
brought  to  the  attention  of  the  profession  in  1892  by  H.  Vaquez,1  and 
which  has  been  well  termed  "erythremia"  in  contra-distinction  to 
"erythrocytosis"  or  secondary  polycythemia. 

Erythremia  was  long  considered  a  rare  condition  and  as  late  as  1907 
Mackey,2  in  a  most  excellent  thesis,  was  able  to  cite  but  about  forty  cases. 
During  the  past  few  years,  however,  the  increasing  number  of  patients 
reported  from  various  sources  indicates  that  the  malady  is  not  by  any 
means  as  uncommon  as  was  at  first  supposed.  Indeed,  Staehelin,3  in 
1911,  reported  eleven  cases  of  polyc}Tthemia  which  came  under  his  obser- 
vation in  a  single  year,  of  which  at  least  six  appear  to  have  been  of  the 
Yaquez  type. 

As  the  result  of  a  recent  careful  search  through  medical  literature,  I 
have  succeeded  in  collecting  reports  on  179  cases  of  so-called  polycy- 
themia, of  which  149  cases  appear  to  be  unquestionable  instances  of 
erythremia,  the  other  thirty  cases  being  open  to  doubt  as  to  their  true 
classification. 

The  two  cases  which  have  come  under  my  observation  and  which 
aroused  my  interest  in  the  condition  are  as  follows : 

CASE  REPORTS 

Case  1. — B.  W..  male,  married,  white,  aged  52,  a  native  of  Russia,  grocer, 
was  admitted  to  the  service  of  Dr.  H.  A.  Hare  in  the  Jefferson  Medical  College  Hos- 
pital, May  19,  1911.  Family  history  is  unimportant:  no  history  of  malignant  or 
tuberculous  disease. 


*Manuscript  submitted  for  publication  July  15,   1912. 

*Ten  additional  cases  have  been  collected  since  this  paper  was  prepared  for 
publication  and  too  late  to  permit  of  their  inclusion  under  the  proper  classification 
in  the  summary  at  the  end  of  this  article.  These  ten  cases  have  been  shown 
separately  at  the  end  of  the  summary,  thus 'making  a  total  of  189  cases  in  all. 

1.  Vaquez,  H. :   Compt.  rend.  Soc.  de  biol.,  1892,  series  9,  p.  384;   also  Bull, 
med..  Paris,  1892,  vi,  849. 

2.  Mackey:   Birmingham  Med.  Rev.,  1907.  X.  S.,  lxii,  113  and  177. 
3    Staehelin:   Berl.  klin.  Wchnschr.,  1911,  xlviii,  101. 


ARCHIVES     OF    INTERNAL     MEDICINE 

Patient  had  measles  in  childhood.  At  the  age  of  20  he  had  an  attack  of 
pleurisy,  was  seriously  ill  and  had  a  cough  for  some  time  subsequent  but  afterward 
became  perfectly  well. 

On  Feb.  5,  1906,  lie  was  operated  on  at  the  German  Hospital  by  Dr.  John  B. 
Deaver  for  a  prostatic  abscess,  which  was  opened  through  the  perineum  and  drained 
with  an  uneventful  recovery.  Subsequent  to  this  operation  he  noticed  that  his 
color  was  changing  and  he  became  blue.  Is  said  (by  himself)  to  have  had  a  punc- 
ture in  the  right  kidney  region  and  that  pus  was  found,  this  operation  I 
within  a  comparatively  short  time  after  the  other.  The  physician  who  did  this 
puncture  has  since  died. 

boul  this  time  he  went  to  the  Pennsylvania  Hospital  on  account  of  failing 
vision,  dizziness,  etc.  His  symptoms  then  were  the  same  as  at  present;  namely. 
headache,  vertigo,  hazy  vision  and  a  feeling  as  though  his  head  was  stuffed  with 
blood. 

From  that  time  his  general  health  was  good  with  the  exception  of  attacks  of 
"asthma,"  cough  and  shortness  of  breath,  up  to  May,  1910,  when  he  began  to  have 
attacks  of  headache,  confined  to  the  right  side  of  his  head,  and  accompanied  by 
dizziness  and  shortness  of  breath.  Following  those  attacks  his  hands,  face,  lips 
and  nose  became  dusky,  the  duskiness  lasting  from  two  to  twenty-four  ho 

Beginning   in   the   Autumn    of    1910   he   had    frequent   attacks    of    indig 
which  seemed  to  precede  the  attacks  of  cyanosis  and  headache. 

Since  January,  1911,  he  has  had  considerable  difficulty  with  his  eyes,  stating 
that  he  has  scarcely  been  able  to  read  a  newspaper  and  that  he  has  had  a  con- 
tinual haze  over  his  eyes  and  that  stooping  or  suddenly  turning  his  head  brought 
on  dizziness  and  cyanosis.  He  also  complained  of  a  lump  in  the  throat  on 
swallowing. 

nination. —  Patient  i-  a  well  nourished  and  well  developed  adult.     Skin  is 

dry  and  warm.     Hi-  Ei and  especially  his  nose.  lip-,  cheeks  and  ears  are  . 

bluish-red  color.  The  hands,  wrists  and  arms  to  elbows  are  bluish-red.  Dorsum 
of  feet  present  nothing  abnormal  but  the  solos  both  are  bluish-red  and  somewhat 
edematous.  The  tongue  is  red  and  coated  with  grayish  fur.  The  pharynx  is 
purplish   red. 

Fingers  are  clubbed  with  slightly  curved  nails.  , 

The  "ii  of  the  abdomen  proved  negative,  the  liver  nol  being  enlarged 

and  the  spleen  Bhowing  no  enlarge]  pi  on  one  occasion,  during  an  exacerba- 

tion, when  it  was  very  slightly  enlarged. 

The  chest  is  symmetrical;  expansion  equal  and  full;  hyperresonant  through- 
out ;>s  few  moisl  eard  over  both  bases.     Respiration  -~2. 

Heart  sounds  rhythmical,  distant  a1  apex,  maximum  intensity  in  epigastrium 
where  the  sound-  are  clear.     Pulse  92.     Blood  pressure,  Bystolic  120,  diastolic  86. 

None  of  the  superficial  lymph-nodes  palpable. 

Genitals  negative.    A  -ear  observed  two  inches  below  la-t  rib  on  right  Bide. 

Wassermann  test  proved  negative. 

C-ray  examination  reveal-  many  enlarged  mediastinal  glands. 

Pupils  dilated,  equal  I   normally      Double  optic  neuritis  with 

four  diopters  of  Bwelling  in  each  eye  and  heme  into  the  retina.     Vision 

about  on,'  halt  normal  with  j  Fields  concentrically  contracted  about   i 

halt.  bsequenl  report 

Urine:  Slightly  turbid,  amber.  1.019,  acid;  faint  trace  of  albumin:  no  -near. 
blood  or  casts;  a  few  urates,  epithelial  celh  and  leukocytes.    Urea  2  per 

art  examinal ion-.     Quant ity 
durin  in  hospital  averaged  500  -   four  hours;  next  two 

!00  c.c,  dropping  to  an  700  ,• .,-.  during  rest  of  stay. 

During  Becond  short  stay  in  hospital  the  average  wa«  500  c.c 
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Course. — Patient's  temperature  on  admission  was  normal  and  during  his  stay 
ranged  between  97  and  99  F.  with  one  rise  of  short  duration  to  100.6  and  one  drop 
to  96.4. 

From  May  20,  1911,  the  day  after  admission,  to  June  14,  1911,  date  of  dis- 
charge, his  weight  dropped  from  129.5  to  120  pounds. 

Pulse  rather  irregular,  ranging  between  SO  and  100  with  one  rise  to  110  and 
one  drop  to  74.  His  respiration  was  usually  about  22  although  occasionally  as 
high  as  30.    Bowels  moved  once  or  twice  daily  with,  occasionally,  laxatives. 

His  cyanosis  continued  throughout  his  entire  stay  in  the  hospital.  Until  May 
20  he  was  free  from  headaches  and  dizziness  but  on  that  date  had  several  attacks 
of  dizziness,  lasting  a  few  minutes  each,  and  also  a  slight  right-sided  headache. 

On  May  21  he  had  two  brief  attacks  of  dizziness  due  to  suddenly  turning  the 
head  to  the  side  and  stooping.  Also  complained  at  this  time  of  drawing  sensation 
in  calf  of  left  leg. 


i^ 

Date 

Erythro- 
cytes 

Hgb. 

C.  I. 

Leuko- 
cytes 

Z^    l- 

1  % 

2  5 

—   o 

-    - 

— ,     ! — 

Remarks 

1911 

5-12 

7,810.000 

135 

.86 

8,200 

. .   J    . . 

From  finger 

5-13 

8,060,000 

138 

.86 

8,800 

54       20 

15 

From  toe;  also  9  per 
cent  eosinophils  and 
2  per  cent,  degener- 
ated eosinophils. 

5-22 

8,660,000 

140 

.81 

8,000 

57   '   27 

8 

Eosinophils   2   per  cent. 

and  neutrophilic  mye- 

locytes 6  per  cent. 

6-  9 

7.900.000 

129 

.81 

7,400 

Before  bleeding. 

6-  9 

6,530,000 

127 

.97 

6,880 

After  bleeding. 

6-  9 

6,800,000 

112 

.82 

7,200 

80 

15 

6 

No  parasites.  Morpho- 
logic characteristics 
correspond  to  normal 
red  cells. 

11-  9 

6,470,000 

125 

.97 

10,200 

74 

15 

7 

Eosinophils  2  per  cent.; 
degenerated  2  per  ct. 

11-25 

6.130,000 

138 

1.13 

9,200 

Before  bleeding. 

11-25 

5,200,000 

96 

.92 

7,500 

.'.' 

After  bleeding. 

On  May  23  again  complained  of  being  dizzy  at  irregular  intervals. 

On  June  9,  16  ounces  of  blood  removed  from  right  median  basilic  vein.  Was 
slightly  improved  on  June  12  and  was  discharged  on  June  14. 

Patient  then  felt  very  well  until  about  the  last  of  September,  1911,  when  old 
symptoms  returned,  and  on  November  8  he  was  readmitted,  his  condition  in  gen- 
eral being  about  the  same  as  in  June.  The  extremities  at  this  time  showed  a 
slight  pretibial  edema.  Eye  examination  revealed  a  swelling  of  two  diopters  in 
each  eye.  Vision  20/30  with  glasses.  Fields  contracted  about  one-half  as  before. 
No  hemorrhages.  Every  evidence  of  a  subsiding  inflammation  with  probably  a 
secondary  atrophy  obscured  by  the  inflammatory  changes. 

The  patient  received  no  medication  at  this  time  except  laxatives  and  was  up 
and  around  the  ward  the  second  day,  apparently  very  comfortable  and  was  dis- 
charged on  November  13. 

November  25,  1911,  patient  returned  to  ward  for  venesection  to  relieve  symp- 
toms  of  dizziness,   his  condition  being  about   the  same   as  before,   16   ounces  of 
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blood  being  withdrawn  from  superficial  vein  of  right  elbow.  Xo  change  was  noted 
in  his  condition  immediately  following  venesection  but  he  felt  better  on  the  fol- 
lowing day,  his  color  being  less  dusky,  and  he  was  discharged  with  instructions  to 
report  to  the  out-patient  department. 

For  some  time  thereafter  he  reported  regularly  at  the  out-patient  department 
and  was  bled  four  times  with  temporary  relief.  An  as-ray  examination  of  the  chest 
at  this  time  showed  the  heart  to  be  apparently  of  normal  size,  rather  horizontally 
placed.  There  seemed  to  be  multiple  adhesions  between  the  pericardium  and  the 
diaphragm;  also  marked  thickening  of  the  peribronchial  glands. 

Xo  parasites  or  organisms  of  any  kind  were  found  in  the  blood  at  any  time. 

In  January,  1912,  the  patient  spent  several  weeks  in  the  German  Hospital, 
where,  in  audition  to  other  treatment,  he  was  subjected  to  treatment  by  the  x-ray 
over  the  long  bones.  His  condition  at  this  time  was  about  the  same  as  before  and 
he  was  not,  permanently  benefited  by  treatment. 

Recently  he  has  been  a  patient  at  the  Pennsylvania  Hospital  complaining  of 
an  exacerbation  of  symptoms.  Dr.  William  T.  Shoemaker,  who  examined  the 
patient  op.  both  of  the  occasions  when  he  was  in  the  Pennsylvania  Hospital,  and 
who  has  kindly  given  permission  to  include  the  results  of  his  observation  of  the 

grounds,  states:  "Although,  of  course,  interesting  in  many  ways,  special 
interest  from  an  ophthalmic  standpoint  lies  in  the  violent  changes  which  are  shown 
in  the  optic  nerve,  retina  and  blood  vessels.  These  changes  are  those  of  typical 
inflammatory  choked  disk,  identical,  it  would  seem,  with  those  frequently  seen 
with  intracranial  disturbance." 

The  patient  recently  advised  me  that  for  -..me  time  he  has  been  subject  to 
periodic  hemorrhages  from  the  bowel,  occurring  on  an  average  of  once  in  six  week9 
and  followed  by  some  temporary  relief. 

Despite  all  treatment  his  general  condition  at  present  is  about  the  same  :i- 
when  first  seen. 

I  \-i.  2.  —Male,  aged  43,  Russian  -lew.  vest-maker,  was  admitted  to  the  service 
of  Dr.  H.  A.  Hare  in  the  Jefferson  Medical  College  Hospital  April  22.  1912,  com- 
plaining  of  severe  headache,  dyspnea,  dizziness  and  nervousness.  His  bowels  were 
constipated,  appetite  poor. 

Family  history  unimportant;  bo  fai  as  he  know-  no  member  of  hi-  family  has 
sufferi  d  in  a  similar  way.  , 

He  came  to  the  United  States  from  Russia  twenty  years  ago  and  since  his 
arrival  in  this  country  has  worked  continuously  a-  a  vest-maker.  For  four  years 
prior  to  leaving  Russia  he  was  ■■<  soldier. 

For  fifteen  years  he  ha-  1 n  troubled  with  "asthma"  and  cough. 

Suffered  from  hemorrhoids  foi  fifteen  years,  undergoing  an  operation  ten 
months  ago  for  relief  from  same. 

Has  had  more  or  less  headache  for  Bis  years. 

Three  months  ago  had  a  Blight  attack  of  hemoptysis. 

Two  week-  prior  to  admission  he  began  to  Buffer  from  severe  headache,  dyspnea, 
dizziness  and  nervousness. 

I  v..,  days  prior  to  admission  hi-  wife  en  lied  his  attention  to  the  change  in  his 
color.     1 1  hat  mj  opic. 

patient  ;-  a  well  nourished  adull  male. 

Mi-  ;  imewhal  cyanotic,  being  markedly  so  when  he  lie-  down.    '1  he  lips 

and  ears  are  markedly  dusky  and  the  hands  Blightlj  bo.  The  tongue  is  verj  red 
and  the  buccal  mucosa  and  pharynx  are  bluish-red. 

spleen  was  not   palpable. 

Liver  dulness  was  slightly  increased. 

Lungs:  Prolongation  of  expiration  and  man;  rales  throughout  the  chest, 
l:,  tonance  impaired  anteriorly  :>t  the  right  apex  ami  slightly  impaired  posteriorly 
;.t  both  bases.    Respiral  ioi 

Heart:   Faint  systolic  murmur  at  the  mitral  area.     Muscle  tone  fairlj 
Pulse  Bomewhal  rapid  on  admission  (118),  falling  to  96  the  following  day. 
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Systolic  blood-pressure  132. 

Legs  and  feet  swollen  and  edematous ;  pit  on  pressure. 

Temperature  99. 4  F.  on  admission;  98.4  the  following  day. 

Eyes:  React  normally  to  light  and  accommodation.  Pupils  equal.  There  was 
a  marked  congestion  of  the  conjunctiva  and  retina. 

Urine:  This  showed  a  very  faint  trace  of  albumin;  no  casts. 

Sputum:  Negative  as  to  tubercle  bacillus. 

Blood:  The  red  cells  were  8..430..000;  hemoglobin  95  to  120;  white  cells  8,800 
to  13,400.  Polymorphonuclears  70  per  cent.;  small  lymphocytes  16  per  cent.;  large 
lymphocytes  12  per  cent.;  eosinophils  2  per  cent.;  blood  platelets  four  in  one  field. 

X-Ray.— A"-ray  examination  of  the  thorax  revealed  marked  peribronchial 
thickening,  particularly  on  the  left  side,  and  bronchiectasis. 

Treatment. — Under  treatment  with  morphin  sulphate,  atropin,  epinephrin,  oil 
of  cloves,  purgatives  and,  finally,  elixir  iron,  quinin  and  strychnin,  patient  left 
hospital  with  general  condition  apparently  considerably  improved. 

Six  months  later:  Condition  unchanged.  Had  several  exacerbations  and  twice 
symptoms  were  sufficiently  severe  to  require  venesection,  which  gave  prompt  but 
only  temporary  relief. 

SYNONYMS 

Erythremia,  or  primary  absolute  polycythemia,  is  also  known  as 
Vaquez's  disease,  Osier's  disease,  polycythemia  with  chronic  cyanosis, 
myelopathic  polycythemia,  splenomegalic  polycythemia  (Weber4),  cryp- 
togenic polycythemia  (Cabot),  and  erythrocytosis  megalosplenica 
(Senator5).  The  term  erythremia,  suggested  by  previous  authors,6  seems 
especially  appropriate,  distinguishing  the  condition  as  it  does  from  ery- 
throcytosis,7 or  polycythemia  rubra  of  known  origin,  just  as  the  terms 
leukemia  and  leukocytosis  distinguish  analagous  condition  in  which  the 
white  cells  are  particularly  affected. 

It  is  probable  that  cases  of  erythremia  were  formerly  reported  under 
such  headings  as  '"plethora,"  "venous  congestion  with  cyanosis,"  etc., 
and,  as  Herringham8  points  out,  differ  and  Sollier's  two  cases9  of  "con- 
gestive venous  diathesis,"  reported  in  1889,  may  have  been  examples  of 
this  disease. 

HISTORY 

In  1892,  Prof.  II.  Yaquez,1  of  the  Faculte  Medicin,  Paris,  reported  a 
case  of  peculiar  cyanosis  with  persistent  polycythemia,  which  he  regarded 
as  due  to  congenital  heart  disease.  The  liver  and  spleen  were  enlarged 
and  the  red  cells  and  hemoglobin  greatly  increased.  On  the  death  of  his 
patient  in  1895,  Yaquez  discovered  the  absence  of  organic  heart  involve- 
ment. / 


4.  Weber:  Med.  Chir.  Tr.,  London.  1905.  Ixxxviii,  191. 

5.  Senator:  Ztschr.  f.  klin.  Med.,  1906,  lx,  357. 

6.  W.  Turk.  Hirschfeld  and  W.  Osier. 

7.  This  term  was  suggested  by  Hirschfeld. 

S.  Herringham:   Brit.  Med.  Jour.,  May  9,  1908,  i,  1096. 

9.  Cuffer  and  Sollier:   Bev.  de  Med.,  Paris,  1S89,  xxii,  825. 
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In  1899,  Eendu  and  Widal10  reported  the  case  of  a  policeman  with 
enlarged  spleen,  marked  cyanosis  and  polycythemia.  At  autopsy  the 
heart  was  found  to  be  normal,  but  the  spleen  was  tuberculous  and  con- 
tained large  caseous  areas.  The  bone  marrow  contained  nucleated  red 
eells  pointing  to  over-activity.  Eendu  and  Widal  concluded  that  the 
disease  was  due  to  primary  tuberculosis  of  the  spleen,  which  concluE 
has  not,  however,  been  sustained  by  subsequent  investigat 

At  about  the  same  time  two  cases  were  reported  by  Cabot.11  one  by 
Cominotti12  and  one  by  McKeen.13 

Erythremia  was  first  referred  to  as  a  clinical  entity  in  connect  ion 
with  a  case  reported  by  Saundby  and  Eussell,14  in  1903.     It  was  not, 
however,  until  the  appearance  of  Osier's  napers,15  in  1903  and  1901.  that 
the  condition   was  brought  prominently   before  the  profession   in   I 
country  and  its  existence  established. 

During  the  five  years  which  have  elapsed  since  the  appearance  of 
Mackey^s  thesis  an  increasing  number  of  cases  have  been  reported 
annually.  One  hundred  and  forty-nine  apparently  unquestionable  cases 
are  now  on  record,  which  number  would  undoubtedly  be  considerably 
augmenl  all  the  facts  known  in  connection  with  the  thirty  addi- 

tional cases  which  have  been  included   in   the  questionable  list    in   the 
Bummary  at  the  end  of  this  article. 

ETIOLOGY 

The  cause  of  the  disease  is  unknown.    Eendu  and  Widal1"  attrib 
it  to  primary  splenic  tuberculosis  and  considered  that  the  diminished 
function  of  the  organ  caused  increased  erythroblastic   activity   of  the 
bone  marrow. 

Collet   and   Gallavardin,10    in    1901,   reported    a    case   <'i'    "massive 
primary  tuberculosis  of  the  Bpleen/5  in  which  the  bloocUcells  were  nol 
counted,  but  in  which  the  general  physical  features  of  the  blood  \, 
similar  to  cases  of  erj  thremia. 

Vaquez,"  m  L899,  Turk,18  in  1902  and  Osier,"  in  Med  their 

belief  that  i  -  ■  was  qo1  due  to  splenic  tuberculosis,  but  that.  on. 


in.  Rendu  and  Widal:  Bull.  Med.  Boc.  -1.  hop.,  1899,  Hi.  - 

LI.  i  bol  Boston  Med.  and  Sum/,  jour.,  March  16,  1900,  <'\lii.  275 •.  and  1><'<'. 
7.   1899,  exli,  674. 

L2.  Cominotti:  Wien.  I. tin.  Wchnschr.,  190  p.  B81. 

i::.  McKeen:  Boston  Med.  and  Surg.  Jour.,  June  20,  1901,  cxliv,  610. 

II.  Baundb    and  Russell:  Lancet,  London,  1902,  [ed.  Jour.,  1907, 

i.  l  LI 

16.  «>-!,.,:  \ie.  Jour.  Med.  Be,  Phila.,  l!»t>:;.  \.  S..  oxxvi,  187-201;  Bril  At,.,!. 
Jour.,  1904,  i.  121. 

16.  <  'ill*  f  ;iii<1  Gallavardin :  Arch,  de  tix'<1.  exper.  ''t  d'anat.  path  .  L901,  \iii.  191. 

17.  Vaquez:  "Hyperglobulie  '•>  Splenoi  Bull.  Boc.  m#d.  d.  hOp.,  l':ui~. 
.Tin,-  16,  1899 

is.  'lu.k:  Wien.  «;<■<.  f.  inn.  Med.,  1!">2. 

I.  8c,  Phila.,  I""-"'.  N   8 
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the  other  hand,  it  was  due  to  a  primary  hyperplasia  of  the  erythroblastic 
bone  marrow. 

According  to  Weber,20  objection  to  the  view  that  the  excessive'  forma- 
tion of  red  cells  in  the  bone  marrow  is  the  primary  condition  in  ery- 
thremia has  been  urged  by  Lommel,  Bence  and  others.  In  several  cases 
of  (clinically)  splenomegalic  polycythemia  (erythremia)  evidence  of 
local  or  general  blood  stasis  has  been  found,  suggesting  that  the  poly- 
cythemia was  secondary.  Bence  states  that  the  polycythemia  in  the 
splenomegalic  type  can  be  diminished  by  oxygen  inhalation,  but  Stern 
and  others  obtained  negative  results  by  this  method. 

As  having  a  possible  bearing  on  the  etiology  of  the  condition,  Weber20 
suggests  that  it  may  be  considered  analogous  to  leukemia,  or  as  a  result 
of  a  reversion  to,  or  persistence  of,  fetal  and  early  life  conditions  in 
which  the  bone-marrow  is  red  and  still  actively  engaged  in  the  formation 
of  red  cells. 

Nervous  excitement,  mental  worry,  toxemia  originating  in  the  spleen, 
lungs  or  alimentary  canal,  and  compensatory  reaction  towards  some 
hypothetical  disturbance  in  the  gas  exchanging  functions  of  the  blood 
have  all  been  suggested  as  possible  causes  of  the  disease.21 

Reckzeh,22  reporting  a  case  of  polycythemia  occurring  in  a  male  of 
24,  in  which  there  was  progressive  compression  of  the  superior  vena  cava 
by  a  malignant  tumor  of  the  thymus,  was  inclined  to  consider  stagnation 
of  the  blood,  from  various  causes,  as  the  sole  cause  of  erythremia,  but 
Osier23  does  not  consider  his  reasons  or  experiments  convincing,  and 
Behr24  says,  "The  view  that  the  increase  of  red  cells  and  the  general 
cyanosis  are  the  result  of  a  simple  stasis  appears  rather  forced  if  we 
consider  that,  while  such  cases  of  acquired  stasis  are  frequent,  yet  such 
cases  accompanied  by  polycythemia  are  extremely  rare." 

Anders'25  case  led  him  to  consider  defective  venous  tone  as  playing  an 
important  role  in  the  pathogenesis. 

A  theory,  which  has  the  support  of  Metchnikoff,  assumes  that  some 
toxin  of  a  hemolytic  nature  is  manufactured  by  the  enlarged  spleen  and 
is  absorbed  into  the  circulating  blood  in  minute  quantities,  not  sufficient 
to  cause  hemolysis,  but  sufficient  to  excite  reaction  in  the  blood-forming 
organs.  Belonovsky,26  by  injecting  minute  doses  of  hemolytic  serum 
into  the  blood  of  anemic  individuals  succeeded  not  onlv  in  raising  the 
number  of  red  corpuscles,  but  also  the  amount  of  hemoglobin. 


20.  Weber:  Quart.  Jour.  Med.,  Oxford,  January,  1908,  ii,  85. 

21.  Allbutt  and  Rolleston's  System  of  Medicine,  1909,  v,  831. 

22.  Reckzeh:  Ztschr.  f.  klin.  Med.,  1905,  lvii,  215. 

23.  Osier:   Modern  Medicine,  190S,  iv,  678. 

24.  Behr:  Klin.  Monatsbl.  f.  Augenh..  1911,  xlix,  672. 

25.  Anders:  Am.  Jour.  Med.  Sc,  1907,  N.  S.  cxxxiii,  829. 

26.  Belonovsky:    Sur    l'Influence    de    l'injection    de    diverses    doses    de    serum 
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The  blood  has  been  examined  in  several  cases  for  methemoglobin  and 
snlphhemoglobin  with  negative  results. 

Age :  The  disease  is  comparatively  uncommon  in  early  life,  only  1  % 
per  cent,  of  the  patients  being  under  the  age  of  30,  while  64  per  cent, 
occurred  between  the  ages  of  40  and  60. 

The  two  youngest  patients  were  girls,  aged  17,  one  being  reported  by 
Chace  (Case  58  in  summary)  and  the  other  by  Sandesky  (Case  67),  and 
Eeissmann  (Case  94)  and  Hann  (Case  108)  each  reported  a  case  occur- 
ring in  a  girl  of  18.  It  is  true  that  Guinon,  Kist  and  Simon  (Case  152) 
reported  the  case  of  a  girl  of  10  years  with  polycythemia,  cyanosis  and 
splenomegaly,  but  in  the  case  in  question  there  was  chronic  jaundice  and 
the  polycythemia  and  cyanosis  were  transitory;  it  cannot,  therefore,  be 
regarded  as  a  case  of  erythremia. 

At  the  other  extreme  of  life  is  the  case  of  a  female  of  68  reported  by 
McQuitty  (Case  102). 

The  cases27  were  divided  with  respect  to  age  as  follows : 

Per  cent. 

Second  decade  4 

Third  decade 8 

Fourth  decade  18 

Fifth  decade   37 

Sixth  decade   27 

Seventh  decade 6 

has  no  noteworthy  bearing,  although  the  proportion  of 
male  to  female  patients  is  about  two  to  one.    In  the  140  cases  in  which 
the  sex  is  stated,  eighty-nine  occurred  in  males  and  fifty-one  in  females. 
Occupation:     Eas  qo  particular  I  beyond  the  probability  thai 

an  active  life  was  led  by  the  majority  of  the  patients,  judging  from  those 
in  which  the  occupation  is  stated. 
Race:    As  the  nativity  is  ir i \ « • ; i  in  but  twenty  cases,  no  satisfactory 
i'lns  can  be  drawn  as  to  the  influence  of  race  on  the  occurreni 
erythremia.     In  the  twenty  cases  in  question  ten  of  the  patients  w 
Hebrews,  three  natives  of  the   United   States,  two  each    English  and 
man,  am)  one  each  Irish.  Dutch  and  Polish.    Of  the  remaining  129 
[xty-six  were  reported   in   German   publications,  thirteen  in  the 
United  States,  seven  in  Italy,  five  in  Prance,  four  in  Hungary  and  one 
each  in  the  Philippine  [slai  ds  and  Australia. 

'!  PTOM8 

Erythremia    is   characterized    by    marked,  i  m    and    absolute 

increase  of  the  red  blood  i  -■■  in  the  viscosity  and 

i]  volume  of  the  blood;  excessive  erythroblastic  activity  of  the  bone- 


\ll  statistics  given  i»  this  article  i  to  the  l  :'  Tables    V 

od  I)  <if  summary  appended,  the  thirtj  doubtful  cases  in  Table  E  not  being 
unt. 
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marrow,   and,   usually,  by  characteristic   changes   in   the   eye-grounds, 
cyanosis  and  enlargement  of  the  spleen. 

Weber20  suggests  that  the  sequence  of  events  is  probably  as  follows: 

1.  Increased  erythroblastic  activity  in  the  bone-marrow. 

2.  Increased  viscosity  of  the  blood  resulting  from  this  polycythemia. 

3.  Dilatation  of  the  small  blood-vessels  so  as  to  lessen  the  resistance 
to  the  abnormally  viscid  blood. 

4.  Arterial  hypertonia  as  a  result  of  the  great  strain  thrown  on  the 
circulatory  mechanism. 

5.  Cyanosis,  when  it  occurs,  is  probably  due  to  the  inadequacy  of  the 
series  of  compensatory  changes  which  precede  it. 

The  physician's  advice  is  usually  sought  on  account  of  (1)  the 
abnormal  color  of  the  skin  and  mucous  membranes  (present  in  83  per 
cent,  of  cases),  (2)  the  symptoms  of  cerebral  congestion,  such  as  head- 
aches (present  in  31  per  cent,  of  cases),  and  vertigo  (34.5  per  cent,  of 
cases),  (3)  dyspnea  (19.5  per  cent,  of  cases),  and  (4)  lassitude  and 
weakness  (19.5  per  cent,  of  cases). 

Twenty-three  per  cent,  of  the  patients  complained  of  hemorrhages, 
19  per  cent,  of  pain  in  the  left  hypochondrium  and  14  per  cent,  of  loss 
of  flesh. 

Occasional  symptoms  were  constipation,  vomiting,  indigestion  and 
palpitation,  each  in  about  10  per  cent,  of  the  cases;  swelling  of  the  limbs, 
cough,  edema  and  clubbed  fingers,  each  in  about  6  per  cent,  of  cases ;  and 
disturbed  menses,  tinnitus  aurium,  anorexia,  fulness  of  head,  sweating 
and  diarrhea,  each  in  about  4  per  cent. 

Cyanosis:  In  75  per  cent,  of  the  cases  summarized  by  me  in  the 
tables  at  the  end  of  this  article  distinct  cyanosis  was  present,  and  in 
about  8  per  cent,  of  the  cases  it  is  stated  that  the  patient,  while  not  dis- 
tinctly cyanosed,  was  "very  red/'  "florid,"  "face  congested,"  "plethoric," 
etc.,  so  that  in  83  per  cent,  of  the  cases  there  was  some  intensification  of 
the  color  of  the  skin. 

Cyanosis  was  absent  or  not  reported  in  17  per  cent,  of  the  cases. 

It  was  one  of  the  first  symptoms  in  15  per  cent,  of  the  patients. 

The  cyanosis  may  be  general,  but  is'  usually  more  marked  in  the  face 
and  hands.  The  tongue  is  nearly  always  a  characteristic  bluish  red  color. 
The  patient  may  be  deeply  cyanosed,  moderately  cyanosed,  or  there  may 
be  merely  a  florid  appearance  with  great  dilatation  and  engorgement  of 
the  superficial  vessels.  The  most  common  condition  appears  to  be  a 
distinct  cyanosis  of  the  face,  more  marked  in  the  nose,  ears,  cheeks  and 
lips;  duskiness  or  deep  redness  of  the  tongue  and  mucous  membranes; 
and  more  or  less  discoloration  of  the  hands.  From  this  it  will  be  observer! 
that  the  cyanosis  is  most  common  in  the  exposed  portions  of  the  body. 
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Discoloration  of  the  feet  was  reported  in  two  cases  (5  and  124)  and  of 
the  trunk  in  two  cases  (20  and  69). 

Exposure  to  cold  and  mental  excitement  seems  to  intensify  the 
cyanosis,  while  a  warm  room  may  cause  the  blue  color  to  give  place  to 
red.    The  symptoms  seem  to  subside  somewhat  in  summer  (Case  12). 

In  a  number  of  cases  the  patient  presented  a  striking  appearance. 
One  of  Osier's  patients  (Case  10)  was  known  as  "the  blue  bain."  Aldrich 
and  Crummer's  patient  (Case  47)  was  called  "the  red  Indian  woman." 
Other  authors  spoke  of  the  cyanosis  as  "extreme/'  "intense/"  "startling," 
"remarkable"  and  "extraordinary." 

Skin,  Mucous  Membranes.  Etc. :     Vascular  engorgement  is  usually 
l  the  buccal  and  pharyngeal  mucous  membranes,  conjunctivae  and 
the  interior  of  the  eye  and  frequently  in  the  superficial  vessels.     L 

.  of  the  cases  the  veins  are  described  as  being  distended  and  the 
conjunctivae  was  reported  injected  in  19  per  cent. 

In  3  per  cent,  of  the  cases  slight  pigmentation  of  the  skin  is  reported. 
Carbuncle,  erythema,  bronzing,  psoriasis  and  tacit  >  die  were  each 

reported  in  one  case. 

r  drew  attention  to  the  fact  that  a  white  line  could  be  prod 
by  cutaneous  irritation,  a  sign  which  some  French  writers  supposed  to 
•be  connected  with  functional  insufficiency  of  the  suprarenals. 

Dermatographia  and  erythromelalgic  symptoms  have  been  reported 
in  a  few  cases. 

Lungs:   Usually  either  no  mention  is  made  of  the  lungs  or  they  are 
iorted  as  beinc,r  normal.     Dyspnea,  however,  is  recorded   in   19.5  per 
cent,  of  the  cases,  some  degree  of  emphysema  in  S  per  cent,  and  cough 
in  G  per  cent.    Asthmatic  attacks  were  reported  in  three  cases  and  ex< 
sive  expectoration  in  two  Ci 

Heart  and  Circulatory  System:  In  only  a  very  few  cases  was  the 
diac  involvement  worthy  of  consideration.  No  mention  was  made  of 
the  organ  in  28  per  cent,  of  the  reports;  30  per  cent,  report  the  heart 
normal;  27  percent.  Btate  that  the  hearl  was  somewhat  enlarged,  and  16 
imt  cent.  <all  attention  to  very  slighl  cardiac  irregularities.  If.  then,  a 
normal  hearl  be  assumed  in  t  cent,  of  which  the  organ 

is  not  referred  to.  58  per  cent,  of  the  patient-;  were  without  demonstrable 
hearl  abnormality. 

Palpitation  was  reported  in  10  per  cent,  of  the  cases,  tachycardia  in 
four  cases  and  in  one  case  (94)  a  pulse-rate  of  160. 

With  reference  to  disturbances  in  circulation,  the  feet  and  legs  were 
bin.',  swollen  and  painful  in  9  per  cent,  of  the  cases;  edema  and  clubbing 
of  ■  ad  toes  each  occurred  in  6  per  cent;  arteriosclerosis,  varia 

veins,  tbroml  ■  ne,  hemorrhoid-  and  Lncurvated  nails  each  in 
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3  per  cent. ;  phlebitis  in  two  cases ;  cold  extremities  in  one  case.    Anemia 
preceded  one  case. 

Hemorrhages :  Hemorrhage  seems  to  have  been  a  very  prominent 
symptom,  occurring  in  about  one-fourth  of  all  cases,  as  follows : 

Cases 

Epistaxis   in  10 

Gums  swollen  and  bleeding in  12 

Cerebral  hemorrhage in     3 

Hematemesis in     6 

Hemoptysis    in     2 

Melena in     5 

Hematuria in     2 

Menorrhagia   .. .   in     2 

Mucous  hemorrhage    in     1 

Miscarriage  and  severe  hemorrhage  with  relief in     1 

Prolonged  hemorrhage  after  extraction  of  teeth in     1 

Epistaxis  was  very  marked  in  one  case  (58). 

Blood-Pressure :  Unfortunately,  the  blood-pressure  was  reported  in 
only  about  60  per  cent,  of  the  cases.  In  sixty-six  reports  of  cases  in  which 
the  blood-pressure  was  taken,  twenty-one  gave  the  systolic  pressure  as 
below  140,  while  forty-five  reported  pressures  ranging  from  145  to  310, 

as  follows : 

Cases 

Blood-pressure  145  to  170   23 

Blood-pressure  180  to  200 13 

Blood-pressure  210,  235,  240  and  310,  each  one  case 4 

Blood-pressure  220   3 

Blood-pressure  200   2 

It  is  interesting  to  note  that  in  eight  cases  in  which  the  authors 
report  an  absence  of  splenic  enlargement  the  systolic  blood-pressure  was 
comparatively  low — 110  to  130  in  five  cases,  140  in  one  and  150  in  two — 
whereas  in  twenty  cases  making  no  mention  of  the  spleen  (from  which 
it  may  be  assumed  that  the  organ  was  not  enlarged)  the  blood-pressure 
appears  to  have  been  uniformly  high,  ranging  from  150  to  210  in 
fourteen  cases  and  in  six  cases  (Cases  130,  132,  135,  138,  139  and  142) 
being  reported  as  from  220  to  310.  From  this  it  would  appear  that, 
notwithstanding  the  comparatively  low  pressure  in  the  eight  cases 
referred  to,  the  blood-pressure  is  usually  above  normal  in  cases  showing 
no  splenomegaly  (Geisbock's  polycythemia  hypertonica) . 

On  the  other  hand,  in  thirty-eight  cases  reporting  a  distinct  splenic- 
enlargement,  the  blood-pressure  was  below  150  in  twenty  cases  and  only 
exceeded  200  in  .two  cases  (82  and  145). 

Spleen :  Some  enlargement  of  the  spleen  was  present  in  about  three- 
fourths  of  the  patients.  The  organ  was  not  mentioned  in  18  per  cent, 
and  was  not  enlarged  in  8  per  cent. 

In  the  110  cases  in  which  splenomegaly  was  reported,  forty-six 
reported  marked  enlargement,  fifty-four  slight  enlargement  as  determined 
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by  palpation,  seven  cases  "percussion  enlargement"  and  in  three  ci  -  - 
enlargement  was  found  at  autopsy. 

Of  the  forty-six  cases  in  which  then.-  was  marked  splenic  enlargement, 
twenty-one  cases  reported  the  spleen  tiing  to  the  level  of  the 

umbilicus  and  nine  as  reaching  to  or  below  the  iliac  crest. 

It  is  worthy  of  note  that  in  one  case  I  L20)  an  accessory  spleen  was 
found  on  exploratory  incision  and  in  another  ease  (81),  what  was 
thought  to  be  a  supernumerary  spleen  was  palpated  by  the  examiner. 

Liver:    The  liver  did  not  show  any  increase  in  size  in  the  majority  of 
the  cases;  about  a  third  of  the  patients  presented  a  slight  enlargement  of 
the  liver,  but  not  to  the  extent  seen  in  the  spleen.    A  tremendous  enla 
ment  of  the  liver  was  present  in  one  case  (90),  and  a  marked  enlarge- 
ment in  six  other  cases. 

Gastro-Intestinal  System:  In  about  half  of  the  patients  there  was 
disturbance  of  the  gastro-intestinal  system.  Vomiting  was  presen-1  in 
12  per  cent,  of  the  cases,  constipation  in  11  per  cent.,  indigestion  in  9 
per  cent.,  diarrhea  in  4  per  cent.,  anorexia,  jaundice,  nausea  and  11 

i  in  3  per  cent.,  and  stomatitis,  hiccough,  eructations  ami  ascites  each 
in  one  case. 

Temperature:     The  temperature,  as  a  rule,    -  Eected.     I 

was  reported  in  but  five  cases  and  mal  temperature  in  but  t; 

cases. 

erative   Organ.-:      There   was   disturbed   menstruation    in    .-■ 
cases,  prolapse  of  the  uterus  in  two  cases,  atrophy  of  the  uterus  in 
case  and  in  one  case  (105)  the  general  condition  was  worse  before  com- 
mencing of  menstruation  and  after  the  mei 

Pain :  In  over  a  third  of  the  cases  the  patienl  complained  of  pain  in 
some  Form,  headache  being  the  mosl  constant,  occurring  in  '■'<]  per  i 
of  all  cases.  Pain  in  the  left  hypochondrium  was  complained  of  in  19 
per  *••  in ..  in  many  cases  both  headache  and  pain  in  the  left  hypochon- 
drium being  present.  Pain  in  the  chesl  was  present  in  four  iain 
in  the  right  hypochondrium  and  tenderness  over  th&  bones  each  in  three 
cases:  cramps  m  the  legs  in  I  and  neuritis,  neuralgia,  precordial 
nam.  Lumbar  pain,  pain  in  the  stomach,  pain  in  fingers  and  tors,  shooting 
pains  in  the  hand-,  pain  between  the  shoulders  and  pains  in  the  jo 
in  one  i 

\'e<  :     b  in :    The  nervo  -  to  have  been  affected 

in  many  The  following  reported:    Tinnitus 

annum  (in  .",  per  cent.),  apprehension,  nervou  excitability,  delir- 

ium, irritability,  hypochondriasis,  disturbed  mentality,  insanity,  insom- 
nia, minus  knee-jerks,  muscular  atrophy,  numbness,  choreiform  atta 
epileptiform  attacks,  muscular  twitching,  shivering,   tremor,  pa  ml; 
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hemiplegia,  aphasia,  disturbed  speech,  paraphasia,  "heat  in  head/'  "lump 
in  throat,"  fainting,  loss  of  consciousness,  syncopal  sensations  without 
loss  of  consciousness,  etc. 

Eyes:  The  eye  condition  in  cases  of  erythremia  is  especially  note- 
worthy and  a  careful  ophthalmoscopic  examination  should  be  made. 

The  importance  of  such  an  examination  does  not  appear  to  have  been 
appreciated  by  most  of  the  authors,  the  eye  being  mentioned  in  only 
forty-four  cases  (30  per  cent.),  and  an  ophthalmoscopic  examination 
having  been  made  in  only  twenty-six  cases  (18  per  cent.). 

White,  in  reporting  a  case  (Case  119),  says:  "Judging  from  the 
appearance  of  the  fundus  oculi,  I  should  say  that  the  condition  would 
always  be  easy  to  recognize.'"' 

According  to  Holloway,28  on  the  other  hand,  the  fundus  picture  in 
erythremia  cannot  be  distinguished  from  the  changes  produced  by  con- 
genital heart  disease  with  cyanosis,  except  that,  in  his  opinion,  the  con- 
genital cases  as  a  group  would  tend  to  show  more  extensive  intraocular 
changes  than  would  cases  of  erythremia. 

Behr,  in  writing  on  this  point,  says  :24 

It  must  be  of  great  importance  for  the  conception  of  the  symptom-picture  if 
we  can  establish  the  specificity  of  the  disease  by  some  special  symptom  which  is 
only  found  in  primary  erythrocytosis  but  never  in  simple  chronic  stasis  without 
polycythemia.  By  its  establishment  in  the  so-called  secondary  cases  we  can  then 
remove  the  principal  difference  between  the  idiopathic  and  symptomatic  erythrocy- 
toses.  Such  a  symptom  we  possess  in  the  characteristic  changes  in  the  fundus 
of  the  eye. 

Disturbances  of  vision  were  reported  in  thirteen  cases,  Hutchinson 
and  Miller's  patient  (Case  34)  becoming  quite  blind,  although  nothing 
was  found  in  the  optic  disks  beyond  a  slight  hyperemia  and  engorgement. 

The  conjunctiva  is  usually  injected  and  in  those  cases  in  which  an 
ophthalmoscopic  examination  was  made  the  retinal  veins  are  almost 
universally  reported  as  being  dark  colored  and  dilated  and  frequently 
tortuous. 

Parker  and  Slocum's  patient  (Case.  78)  had  blurring  of  vision  and 
occasional  diplopia;  the  veins  of  the  fundus  were  markedly  tortuous  and 
dilated  and  the  retina  edematous  and ■  deeper  red  than  normal. 

The  same  authors  reported  a  second  patient  (Case  79)  entering  the 
ophthalmologic  clinic  complaining  of  severe  frontal  headache,  blurring 
of  vision  and  diplopia.  Examination  revealed  vision  O/D  6/7.5,  O/S 
6/9,  retina  hyperemic,  veins  much  engorged,  tortuous  and  dark  in  color. 

Hall's  patient  (Case  86)  was  carefully  examined  by  Jackson29  on  a 
number  of  occasions  during  a  period  of  two  years,  the  results  being  set 
forth  in  detail  in  an  excellent  article  accompanied  by  a  plate  showing 
the  appearance  of  the  fundus  oculi.     This  patient  when  first  seen  by 


28.  Holloway:  New  York  Med.  Jour.,  Jan.  13,  1912,  xcv,  69. 

29.  Jackson:   Ophthalmology,  Milwaukee,  1907,  iv,  No.  1. 
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Jackson  showed  an  indefinite  blurring  of  vision,  epiphora,  dilatation  of 
the  retinal  veins,  decreased  vision  unimproved  by  any  lens,  and  a  slight 
rotarv  nystagmus.  Later  the  pupils  became  unequal  and  the  vision  still 
less  and  the  sinus  of  the  left  nerve  became  markedly  larger  and  distinctly 
bluish  towards  the  periphery.  The  appearance  was,  Jackson  sa;. 
tinct  from  anything  I  have  ever  seen." 

There  Avas  a  "considerable  blurring  of  the  optic  disks,  obviously  due 
to  edema,"  in  the  patient  reported  by  Russell  (Case  99).  The  right 
disk  showed  enlarged  and  tortuous  veins  and  the  arteries  were  also 
enlarged.  The  outer  part  of  the  disk  showed  a  remarkable  group  of  small 
arterioles  and  enlarged  vessels  were  scattered  about  the  retina.  Xear  the 
macula  was  a  small  patch  of  pigment,  "the  result  of  former  chorioidH 
The  left  disk  showed  a  similar  appearance  to  a  lesser  degree. 

Eemorrhagic  glaucoma  was  reported  in  one  of  Geisbock's  patients 
(129). 

Double  optic  neuritis  was  present  in  three  cases  (14,  30,  124). 

(  hoked  Disk:    It  will  be  observed  from  the  foregoing  that  optic  dis- 
turbance was  present  in  a  number  of  cases.     In  only  two  instances, 
however — Pfeiffer's  case   (101)  and  the  author's  firsl   case   (124) — has 
choked  disk  been  observed.     Behr,24  in  a  paper  published  in  1911,  _ 
fully  into  the  eye  condition  in  Pfeiffer's  patient  and  says : 

In  the  characteristic  changes  in  the  fundus  we  possess  a  special  symptom  of 
marked  diagnostic  value,  and  it  is  to  be  regretted  that  only  in  a  very  small  frac- 
tion of  ti  -  reported  was  il ye  examined.     All  of  the  cases  reporl 

that  the  veins  are  much  dilated  and  Berpentine  and  'lark  colored.  The  arteries  are 
either  normal,  or  in  rare  cases  also  dilated  and  darker  than  normal.  Frequently 
the  retina  is  livid  blue.  As  b  rule  the  margin  of  the  papilla  is  distinct,  rarely 
indistinct  and  never  with  bulging  of  the  papilla  it  telf.    That  the  bl<  Is  of 

i  onjunctiva  are  affected  is  clear. 

Dr.  William  T.  Shoemaker,  of  the  Pennsylvania  Hospital,  Philadel- 
phia, made  a  very  careful  examination  of  the  eye  grounds  in  tli<v  author  - 
e  (124)  and  exhibited  the  patient  before  the  eye  section  a1  the 
•  '..liege  of  Physicians.     I  am  indebted  to  Dr.  Shoemaker  for  permission 
to  quote  from  his  reporl  as  follows : 

Special  interest  from  an  ophthalmic  Btandpoinl  lies  in  the  violeni  changes  In 
tin-  optic  im  rve,  retina  and  blood  vessels.  These  changes  are  those  of  typical  in  .la  in 
hk'1'  -I  .li-k.  identical,  il  would  seem,  with  those  frequently  Been  with  intra 

crania  I  disturbance. 

Carl    Behr,"  in  a   mosl    importanl   communication  on   this  Bubjecl    lasl   year, 
including  a  case  with  microscopic  examination,  -...*-  thai  hi-  case  of  polycythemia 
red  with  typical  choked  disk,  and,  while  referring  to  a  number 
,,f  ,  ranosifl  in  which  optic  neuritis,  blurring  of  the  <li-k  margins,  etc, 

were  noted  (Hirschbejg,  Posey,  Harms),  he  ia  inclined  to  think  thai  the  en..' 
in  i  were  nol  inflammatory  bul  were  due  to  edema,  and,  In  the  absence 

yelling,  represented  perhaps  the  beginn  of  the  more  pronoun i 

.lit  ion. 
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The  retinal  changes  which  Behr  demonstrated  from  his  case  are  enlargement 
of  the  veins  with  no  other  alteration  in  the  vessel  walls  than  loss  of  elasticity 
and  thinning.  The  retinal  capillaries  showed  general  distention  and  irregularity 
with  fusiform  dilatations.  All  of  the  veins  were  filled  with  red  cells,  but  Schlemm's 
canal,  on  the  other  hand,  showed  no  enlargement  and  contained  but  a  limited  num- 
ber of  red  cells.  There  was  a  general  round  cell  infiltration.  The  chorioidal  ves- 
sels were  greatly  distended  and  in  pronounced  cases  the  sclera  may  be  of  a  decided 
bluish  color. 

Whether  or  not  the  case  shows  simple  edema  around  the  nerve  head  or  pro- 
nounced choked  disk,  as  in  Behr's  case  (No.  101)  or  in  the  case  which  I  show 
(No.  124)  depends,  according  to  Behr,  entirely  on  the  equilibrium  maintained 
in  the  eyes  between  the  fluid  thrown  from  the  blood  into  the  tissues  and  those 
carried  off  through  the  ordinary  lymph  channels. 

The  choked  disk  in  polycythemia,  Behr  concludes,  originates  solely  from  local 
edema  of  the  papilla  and  the  peripheral  end  of  the  optic  nerve,  and,  he  states, 
this  choked  disk  is  in  no  way  different  ophthalmoscopically  and  microscopically 
from  that  of  intracranial  origin. 

Swan30  claims  that  one  of  the  prominent  symptoms  of  polycythemia 
is  exophthalmos.  In  the  cases  covered  by  my  summary,  however,  this 
symptom  was  reported  in  only  two  instances  (Cases  78  and  94). 

Urine :    In  a  majority  of  the  cases  the  urine  showed  a  small  amount 

of  albumin  and  not  infrequently  tube  casts.    In  fifty-two  cases  the  urine 

is  not  mentioned;  in  sixteen  it  was  negative  or  normal;  in  eighty  cases 

it  presented  abnormal  features  as  follows: 

Cases 

Trace  of  albumin 61 

Marked  albuminuria    8 

Tube  casts 29 

Excess  of  urobilin   7 

Excess  of  indican   6 

Chronic  nephritis    4 

Sugar    2 

Blood   2 

Red  cells   2 

Polyuria    2 

Oliguria    1 

In  addition  to  the  above,  urochrome,  diacetic  acid,  acetone,  much 
chromogen,  excess  of  uric  acid,  leukocytes,  diazo  reaction  (Case  64), 
eight  times  the  normal  amount  of  iron  (Case  113)  and  a  specific  gravity 
of  1,040  were  each  reported  in  one  case'. 

Glandular  System:  The  glandular  system  appears  to  have  been 
affected  in  only  six  cases.  The  submaxillary  glands  were  enlarged  in  one 
case,  the  mediastinal  glands  in  one  case  (124)  and  the  thyroid  gland  in 
four  cases  (25,  31,  63  and  102). 

BLOOD 

Red  Cells:  The  most  important  and  constant  feature  of  erythremia 
is  the  uniform,  absolute  and  persistent  increase  in  the  number  of  erythro- 
cytes in  the  circulating  blood.  This  increase  varies  markedly  in  differ- 
ent patients  and  in  the  same  patient  at  different  times. 


30.  Swan:   Internat.  Clinics,  Philadelphia,   1907,  iv,   114. 
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In  the  vast  majority  of  cases  the  number  of  red  cells  reported  ra 
between  six  and  eleven  million,  an  average  of  twenty  cases  being  reported 
in  each  increase  of  a  million  cells  from  six  to  eleven  millions.    That  is, 
twenty  cases  reported  from  six  to  seven  millions,   twenty  cases   from 
geven  to  eight  millions,  etc. 

The  highest  recorded  counts  occurred  in  Seufert's  two  cases  (63  and 

.  which  showed  15,000,000  and  15,500,000,  respectively.  Koes; 
case  (Case  40)  Bhowed  L3,060,000,  and  in  Gibson  and  Watson-Wemyss's 
case  (Case  111),  13,250,000  cells  were  present  at  one  time.  Thompson's 
case  (61)  exhibited  13,000,000,  Myer's  case  (81)  12,880,000,  Englebach 
and  Brown's  case  (38)  12,584,000.  Reckzeh's  patient  (Case  28)  had 
12,500,000  red  cells,  Millers  patient  (Case  110)  12,010,000  and  four 
cases  (3,  56,  65  and  148)  reported  counts  of  12,000,000,  making  in  all 
thirteen  cases  in  which  counts  of  twelve  million  or  over  occurred. 

These  higher  counts  are  particularly  interesting  when  one  considers 
Weber's20  statement  thai  samples  of  blood  showing  ten  million  red  cali- 
per cubic  centimeter,  with  coagulation  prevented,  placed  in  a  cylindrical 
ow  a  corpuscular  sedimenl  of  over  nine-tenths  of  the  whole 
column,  the  plasma  forming  only  ;i  thin  layer  on  the  surface,  win 
normally  cells  and  plasma  are  about  equal. 

Hemoglobin:     Notwithstanding  the  high  erythrocyte  count,  the  hem- 
oglobin percentage  in  most  cases  was  estimated  ;is  quite  low.    It  s< 
probable  thai   the  hemoglobin   is  underestimated   in  many  cases,  as  in 
.-Mine  instances  the  statemenl  i.-  made  by  the  author  thai  the  estima 
per  cent,  "is  the  limit  of  the  scale" 

In  111   cases  in  winch  the  hemoglobin  percentage  was  i  all 

hnt  four  stated  entage  to  he   inn  or  over.     These  four  ci 

reported  80,  85  and  95  percent.  Sixty-eighl  cases  reported  percentages 
ranging  between  1""  ami  L50  ami  thirty-one  cases  percentages  between 
L55%and  200.    One  case  reported  a  percentage  of  240  (< 

Color  Index:    1  have  estimated  the  color  index  in  Beventy-nine  cases, 

an-!,  a-  was  to  lie  expected  from  the  comparatively  low  hemoglobin  per- 

reported,  found  it  to  he  between  0.45  and  LOO  in  all  hut  leu  cases. 

or  these  ten  casi  anged  from   L.02  to  L.20  and  four  from  L.3]  to 

Microcytes  and  M  :   Were  reported  in  one  case  (  11  ). 

Poikilocytes :   Presenl  in  threi  28,  33,  11  t. 

enerated  Red  <  Sells :   Reported  in  two  <  78  a  ad  79). 

Nucleated   Red  Cells:    Nucleated  red^celle  were  presenl   to  a   very 
limited  extent  in  twenty  i  ;  to  a  marked 

being  mostly  of  the  megaloblastic  type.    A  few 
were  also  presenl  in  three  other  ca  id  79). 
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Polychromasia :  A  tendency  of  the  red  cells  to  stain  a  lighter  or 
darker  blue,  known  as  polychromasia,  and  said  to  be  found  in  chronic 
anemia,31  was  present  in  three  cases  (Cases  33,  38  and  47).  This  con- 
dition is  regarded  by  Ehrlich  as  evidence  of  degeneration,  but,  on  the 
other  hand,  some  authorities  regard  such  cells  as  immature  and  con- 
sequently significant  of  regeneration. 

Hemolysis :  Eesistance  to  hemolysis  was  reported  as  slightly  increased 
in  one  case. 

Color  of  Blood :  Is  almost  invariably  darker  than  normal. 

Viscosity:  The  viscosity  of  the  blood  is  invariably  raised  whenever 
the  number  of  red  cells  per  c.c.  is  much  increased.  In  one  case  it  was 
stated  as  10.43  (Case  110).  Weber20  found  the  viscosity  of  a  citrated 
specimen  of  the  venesection  blood  in  two  cases  to  be  more  than  twice  the 
normal.  He  says :  "Supposing  the  viscosity  of  normal  human  blood  to  be 
5.1  to  5.3  (that  is  to  say,  5.1  to  5.3  times  that  of  water),  Lommel  found 
the  viscosity  to  be  over  11.0  in  two  cases  of  polycythemia  with  splen- 
omegaly, Bence  obtained  figures  varying  from  15.9  to  20.9,  and  Munzer 
in  another  case  showed  figures  varying  between  12.0  and  23.0  according 
to  the  special  form  of  viscosimeter  which  he  employed.  In  Low  and 
Popper's  case  the  viscosity  was  10.4  and  in  Saundby's  case  9.4." 

Coagulation  Time :  The  blood  in  erythremia  undoubtedly  coagulates 
much  more  quickly  than  normal  blood.32  In  ten  cases  in  which  the  coag- 
ulation time  is  stated,  four  (63,  64,  78  and  94)  reported  coagulation  in 
one  minute  or  less,  three  (12,  38,  110)  a  coagulation  time  of  less  than 
four  minutes,  and  three  (60,  75,  81)  coagulation  in  from  six  to  ten  and 
a  half  minutes. 

Oxygen  Capacity :  The  oxygen  capacity  is  stated  in  but  four  cases,  in 
one  instance  (35)  being  diminished,  in  another  (61)  being  two  and  a 
half  times  normal,  in  a  third  (60)  being  given  as  1,480  c.c.  with  a  blood 
volume  of  4,765  c.c,  and  in  the  fourth  (110)  as  3,375  c.c.  with  a  blood 
volume  of  10,200  c.c. 

Total  Volume :  According  to  Weber33  the  normal  individual  is 
estimated  to  possess  4.6  c.c.  of  blood  per  100  grams  of  body  weight. 
It  is  interesting  to  note  that  in  the  eight  cases  in  which  the  total  volume 
was  estimated  it  very  much  exceeded  the  normal. 

In  Hutchison's  two  cases  (48  and  49)  it  was  greatly  increased  and  in 
one  of  his  cases  reached  "the  extraordinary  figure  of  10,750  c.c,  or  more 
than  three  times  the  normal  volume  for  a  patient  of  same  weight." 


31.  Butler's  Diagnostics  of  Internal  Medicine,  1908,  p.  617. 

32.  Normally  coagulation  is  said  to  occur  in  five  minutes,  although  Coplin 
(Manual  of  Pathology,  1906,  p.  404)  states  that  his  personal  observations  indi- 
cate that  a  considerably  longer  time  is  usually  required. 

33.  Weber:  Med.  Chir.  Tr.  London,  1905,  lxxxviii,*l91 ;  and  Tr.  Med.  Soc.  Lon- 
don, 1907,  xxx,  369. 
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In  Miller's  case  (60)  it  was  4,765  c.c.    In  Thompson's  case  (61)  it 

-  two  and  a  half  to  three  times  the  normal.  In  Acland's  case  (50) 
"the  total  volume  of  the  blood  by  the  carbon  monoxid  method  was  about 
two  and  a  half  times  the  normal."  AYebers  case  (72)  exhibited  a  total 
volume  of  5,600  to  6,000  c.c,  while  Millers  second  case  (110)  showed 
a  total  volume  of  about  10,200  c.c. 

White,  in  reporting  a  case  (119),  states  that  the  total  volume  was 
three  times  the  normal  for  a  man  of  hi-  weight  and  calls  attention  to  the 
fact  that  "the  red  cells  being  double  the  normal,  the  patient  had  six  times 
the  normal  number  of  red  cells  ami  four  times  the  normal  hemoglobin. 
Such  blood  must  have  nearly  reached  a  volume  which  would  render  cir- 
culation very  difficult.**  The  specific  gravity  in  this  case  was  given 
as  1,076. 

Cryoscopy:    The  cryoscopy  in  -   _     en  in  but  two  cases,  b 

about  normal  in  one  (72)  and  — 0.56°  in  the  other  <  L2  >. 

Glycogen  Eeaction :    In  one  case    (73)    the  glycogen   reaction   was' 
distinct  but  not  marked. 

Molecular  Concentration  :    Stated  in  one  case  (39)  as  — 0.56. 

Leukocytes:   Assuming  that,  as  Butler31  states,  the  normal  variation 
of  leukocytes  in  health  is  from  five  to  ten  thousand  per  cubic  millimel 
it  appears  that  in  27  per  cent,  of  the  patients  there  was  a  moderate 
leukocytosis  (10,000  to  20,000)  and  in  15  per  cent,  a  distinct  leuki 
tosis  (over  20,000). 

In  four  cases  the  white  cell-  are  stated  as  less  than  5,000, 
(31)  reporting  1,080,  which  je  probably  a  typographic  error. 

Differential:  The  differential  connl  usually  shows  some  increase  in 
the  polynuclei  .  this  increase  being  quite  marked  in  three  cases  (30, 

81,  116).     MoOuitty".-  case   (102),  however,  showed  a  marked  i 
in  the  polynuclear  coll.-  and  a  marked  increase  in  the  Lymphocyt 

Qophils  were  markedly  increased  in  two  ,-,;  .  124),  in 

one  :  20  p<  r  ci  nt.  was  reported,  and  showed  some  ini  rease  in 

four  other  cases  (IS,  20,  !1 .  ".  !  ) . 

Basophils  or  Masl  Cells:   Thi  .  which,  as  Butlei  .  are 

found  in  small  cumbers  i  blood  and  more  often  in  leukemia  and 

hav<      •         no  signifi  rted  in  varying  percentages  from 

0.5  to  !  ]»  :  cent,  in  thirteen  ci 

'.  ;  .   79,   90   and    99)    in 

nl  iii  number  around   I  per  cent,  in  thi 
and   ll!  i.     Blumenthal's  case   (in  doubtful  list)   showed  '■'*>  per  cent. 

oil'.  OM1    01    <   I 

V  Osier,  and  Quiserne  believed  that  where  the 

jrcythemia  reached  Bis  million  it  was  fatally  ive. 
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In  thirty-one  of  the  cases,  or  21  per  cent.,  the  patient  died  prior  to 
the  date  of  the  report.  Three  of  these  patients  died  as  a  result  of 
splenectomy  (Cases  4,  7  and  93),  two  from  tuberculosis,  one  as  a  result  of 
secondary  hemorrhage  following  the  removal  of  a  uterine  fibroid  and 
two  as  a  result  of  cerebral  hemorrhage. 

Four  of  these  patients  passed  into  a  comatose  condition  prior  to  death, 
three  became  paralyzed  and  others  suffered  variously  prior  to  death  from 
vomiting,  diarrhea,  aphasia,  blindness,  dyspnea,  mediastinal  pain,  jaun- 
dice and  hemorrhages  from  the  stomach  and  intestines. 

Thirteen  cases  were  reported  as  showing  no  marked  improvement 
under  treatment,  while  three  patients  (Cases  8,  21  and  22)  were  worse 
after  being  under  treatment  over  a  period  of  from  three  to  six  years. 

Two  cases  (21  and  80)  developed  thrombophlebitis  and  one  of  these 
patients  also  developed  a  pulmonary  infarct. 

Some  improvement  was  reported  as  having  occurred  in  twenty-six 
cases.  In  eight  of  these  cases  the  authors  state  that  the  polycythemia 
increased  simultaneously  with  the  general  improvement.  In  only  two 
cases  (47  and  94)  was  marked  improvement  reported. 

TKEATMENT 

With  the  possible  exception  of  the  two  cases  referred  to  in  the  previous 
paragraph,  treatment  has  been  uniformly  without  permanent  benefit. 

Splenectomy :  In  three  cases  in  which  the  spleen  was  removed  (4,  7. 
93)  the  patients  died  in  from  a  few  days  to  six  weeks  later.  In  the  fourth 
case  (161)  the  patient  died  seventeen  months  later  of  tuberculosis. 

Venesection :  Venesection  is  reported  as  having  given  temporary 
relief  in  seven  cases.  It  was  performed  nine  times  in  two  years  in 
Chamber's  patient  (56)  with  marked  relief  on  each  occasion,  but  his 
patient  was  discharged  "in  much  the  same  condition  as  when  she  entered 
the  hospital." 

Venesection  was  without  result  in  three  cases,  while  in  Fuch's  patient 
(27)  there  was  temporary  improvement  under  treatment  by  venesection 
and  oxygen. 

In  my  experience  venesection  has  been  at  all  times  a  helpful  method 
of  treatment,  but  unfortunately  gave  but  temporary  relief. 

Oxygen:  Oxygen  was  used  with  some  apparent  relief  in  two  cases 
(63  and  64)  and  was  tried  without  benefit  in  two  cases. 

Arsenic:  Turk  (17),  Tooth  (103)  and  Miller  (110)  reported  some 
improvement  under  arsenic  and  Levi's  patient  (98)  "left  somewhat 
improved"  after  treatment  by  arsenic  combined  with  Eoentgen  rays. 
Arsenic,  on  the  other  hand,  aggravated  the  symptoms  in  "Watson- Wemyss's 
case  (112)  and  was  without  result  in  six  other  cases  in  which  it  was  tried. 
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Roentgen  Ray:    While  three  cases  (33,  47  and  111)  showed  benefit 
from  the  application  of  the  Roentgen  rays  to  the  spleen,  Cas       " 
markedly  benefited,  this  treatment  was  unsuccessful  in  six  ci 

Faradization:  Faradization  to  the  spleen  did  not  materially  help 
Senator's  patient  (76)  and  Mackey  (Case  42)  reports  that,  while  far- 
adization in  combination  with  massage  helped  the  leg  weakness,  it  did 
not  diminish  the  polycythemia,  Lessen  the  cyanosis  or  prevent  gradual 
enlargement  of  the  liver  and  spleen. 

Diet  and  Hygiene:  In  Milchners  patient  (113),  in  whose  urine  there 
was  eight  times  the  normal  amount  of  iron,  a  diet  containing  a  minimum 
of  ferruginous  material  benefited  the  patient's  general  condition.  Senator 
(76)  by  dietetic  and  hygienic  treatment  apparently  benefited  his  patient 
at  first  but  later  an  albumin-poor  diet,  with  other  treatment,  was  without 
much  effect. 

Sodium  Xitrite:  Osier  (Case  9),  in  referring  to  a  patient  who  had 
suffered  from  headache  for  four  years,  states  that  the  headaches  v. 
cured  by  the  use  of  sodium  nitrite,  but  that  the  patient  was  under 
observation  for  only  a  few  months.  Anders  (Case  43),  in  the  case  of  a 
female  of  ".'•">.  says  that  the  nitrites  gave  considerable  temporary  relief 
from  the  beginning. 

Sodium  Bromid:    Was  used  by  Koester   (40)   for  pain   in  splenic 
d  and  headache  with  some  apparent  benefit. 
tefal:     Nicola  reports  that  under  symptomatic  treatment,  tonics 
and   eliminatives,  his  patient    (Case   77)    improved   and   the   cyan 
almost  disappeared,  but  the  polycythemia  was  uol  affected  by  the  treat- 
ment, nor  by  potassium  iodid  or  rr-ray. 

Carlsbad   treatment   improved  the  general  condition   of   Geisb 
patient   (Case  .'51  ).     Inunctions  of  biniodid  of  mercury  met-  the  spleen, 
in  conjunction  with  Large  doses  of  quinin,  resulted  in  diminution  of  the 
Bize  of  the  spleen  and  subjective  improvemenl   in  Begg  and   Bullmo 

(33),  although  the  polycythemia  increased  simultaneously  with  the 
improvement.     Biniodid  of  mercury  was  reported  as  being  tried  withoul 

benefit  in  three  othi  r  C8 

Treatment  Without  Success:  Various  other  therapeutic  measures,  as 
follows,  were  tried  withoul  especial  benefil  by  different  authi 

Salicylates;  tonics;  caffein;  bromids;  sedatives:  nitroglycerin;  vale- 
rianates: hydrastis;  iron  (fa  I;  diuretin;  quinin  (five  cases); 
colonic  irrigations  (two  cases);  digitalis;  sodium  cacodylate,  adrenalin 
chlorid  ( two  caa  •  >  ;  thyroid  gland  ;  \  inegar  ( two  i  ases  I  ;  potassium  iodid 
( four  cases). 

AUTOPsn  a 

Autopsies  were  reported  in  twenty-three  of  the  <a 

mic  infarcts  were  presenl  in  the  spleen  in  four  cases  and  yellow 
lies  in  thri 
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There  was  cirrhosis  of  the  liver  in  two  cases. 

The  lungs  showed  the  presence  of  emphysema  in  four  of  the  autopsies 
and  contained  infarcts  in  two  instances.  There  was  bronchiectasis  in  one 
case;  hydrothorax  in  one  case;  old  tuberculosis  in  one  case;  and  tuber- 
culosis of  other  viscera  in  one  case. 

Enlargement  of  the  heart  was  reported  in  six  autopsies;  evidence  of 
old  heart  disease  in  two  and  fibrous  myocardium  in  one. 

There  was  evidence  of  erythropoietic  activity  of  the  bone  marrow  in 
ten  cases,  in  most  instances  the  bone  marrow  being  described  as  red  and 
as  having  lost  its  fatty  tissue.  On  the  other  hand,  Saundby  and  Eussell 
(Case  6)  stated  that  the  bone  marrow  in  their  case  appeared  normal 
macroscopically.  In  one  case  Kosengart34  found  evidence  of  leukoblastic 
and  erythroblastic  hyperplasia  in  the  liver  and  spleen. 

Softening  of  the  brain  and  cord  was  reported  in  four  cases. 

DIAGNOSIS 

The  presence  of  polycythemia  with  cyanosis  and  enlargement  of  the 
spleen,  and  with  symptoms  of  cerebral  congestion,  such  as  vertigo,  sense 
of  fulness  of  the  head,  etc.,  is  suggestive  of  erythremia,  particularly  if 
the  eye-grounds  show  the  marked  change  so  often  seen  in  this  condition. 
The  absence  of  demonstrable  splenic  enlargement  or  of  cyanosis,  or 
even  of  both,  does  not  necessarily  negative  the  diagnosis.  Broadly  speak- 
ing, in  the  light  of  our  present  knowledge  of  the  disease,  erythremia 
should  be  borne  in  mind  in  all  cases  of  marked  persistent  and  absolute 
polycythemia  of  unknown  origin. 

It  should  be  remembered  that  the  increase  in  the  red  cells  must  be 
absolute  and  persistent  and  the  condition  must  not  be  confused  with  the 
"relative"  increase  which  is  due  to  decrease  in  the  plasma  occurring  in 
those  diseases  accompanied  by  a  rapid  removal  of  fluid  from  the  tissues; 
e.  g.,  acute  diarrhea,  dysentery,  cholera,  etc.  Erythremia  will  be  less 
likely  to  be  confused  with  relative  increase  in  the  red  cells  if  it  is  borne 
in  mind  that  in  the  former  condition  there  is  an  absence  of  known  cause 
of  diminution  in  the  total  volume  of  the  blood.  Furthermore,  in  eryth- 
remia, the  patients  are  usually  more  congested  in  appearance  and  the 
increase  in  the  number  of  red  cells  is  persistent,  whereas  in  relative 
polycythemia  it  is  temporary.  In  erythremia  the  total  volume  of  blood 
is  above  the  average;  in  relative  polycythemia  it  is  below  the  average. 

It  has  been  claimed  that  some  degree  of  local  relative  polycythemia 
may  be  induced  by  obstructing  the  venous  return,  the  delay  allowing  a 
longer  time  for  the  blood  to  leave  the  vessels,  and,  according  to  Weber,35 
impeded  circulation  may  even  give  rise  to  general  absolute  polycythemia. 


34.  Rosengart:  Mitt.  a.  d.  Grenzgeb.  d.  Med.  u.  Chir.,  Jena,  1903,  xi,  495. 

35.  Weber:  Proc.  Rov.  Soc.  Med.,  London,  1908-9.  Clin.  Sec,  p.  24. 
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Erythremia  must  also  be  differentiated  from  "erythrocytosis,"  or 
secondary  absolute  polycythemia,  which  condition  may  be  regarded  as  a 
compensatory  reaction  of  the  organism  resulting  from  some  interference 
with  oxygenation. 

Erythrocytosis  is  typically  seen  in  congenital  heart  disease  and  partic- 
ularly in  congenital  pulmonary  stenosis:  also  in  chronic  diseases  of  the 
heart  and  lungs  and  in  certain  individuals  residing  in  high  altitudes 
(Toussy  reporting  8,500,000  red  cells  per  cubic  millimeter).  It  has  also 
been  reported  as  a  result  of  chronic  acetanilid  poisoning  (Stengel  and 
White36)  and  in  chronic  sulphonal  poisoning  (  Fells)   (Case  166). 

Both  erythrocytosis  and  erythremia  appear  to  be  of  myelogenous 
origin,  deficiency  of  oxygenation  in  the  former  causing  erythroblastic 
over-activity  of  the  bone  marrow,  while  in  erythremia  the  increase  in  red 
cells  is  apparently  the  primary  condition,  the  stimulating  factor  being 
unknown.  e 

It  is  interesting  to  note  thai  Weil.'7  in  1901,  found  red  bone  marrow 
in  two  cases  of  congenital  pulmonary  stenosis  and  congenital  cyanosis, 
the  normal  fatty  tissue  having  almost  entirely  disappeared,  and  thai 
Mackey,  in  1907,  confirmed  Weil's  findings  ami  pointed  out  that  in  a 
case  of  chronic  cyanosis  without  polycythemia  lie  had  found  normal  hone 
marrow. 

It  has  been  observed,  according  to  Weber,85  that  there  is  an  Increased 
•  ivthropoietic  activity  of  the  bone  marrow  in  animals  kept  at  a  high 
altitude  or  in  an  artificially  rarefied  atmosphere.  The  hemoglobin  value 
;i-  well  as  the  number  of  red  cells  is  increased  and  nucleated  "Ted  cells 
appear  in  the  circulating  blood.  On  the  other  hand,  animals  inhaling 
oxygen  Bhow  a  decrease  is  the  number  of  erythrocytes. 

The  same  anther  states  thai  other  conditions  which  may  give  ri 

ondary  polycythemia  (erythrocytosis),  by  interfering  with  proper 
oxygenation,  are  ( i  )  experimental  Btenosis  of  ihe  superior  and  inferior 
vena  cava,  (2)  artificial  compressios  of  the  thorax.  (3)  diminution  of 

ges  and  increase  of  carbonic  acid  gas  is  the  inspired  air,  (  1 )  clinical 

or  experimental  BteSOBis  of  the  trachea  or  larynx,  and  (5)  clinical  or 
experimental  pneumothorax.  According  to  Weber,  Kiilin.  by  his  Buctios 
mask  (periodical  diminution  of  oxyges  pressure  is  the  lungs),  wras 
apparently  able  to   produce  a   decided    increase  of  red   cells   is   some 

individuals. 

An  increase  is  red  cells  is  also  Bees  at  times  is  obesity,  paralysis  of 
an  extremity,  ether  anesthesia  and  phosphorus  poisoning. 


Stengel  and  White:   Univ.  Penn.  Med.  Bull.,  Phila.,  1902-3,  \\.  (62;  Jour, 
Am.  Mi  1905,  kIv,  243. 

37.  Weil:  Compt.  rend.  Soc.  de  biol.,  June  29,  1001,  liii.  718. 


WALTER     S.     LUCAS  619 

PROGNOSIS 

The  disease  seems  to  be  progressively  but  slowly  fatal.  It  has 
extended  in  some  instances  over  periods  of  from  ten  to  fifteen  years,  but, 
with  the  possible  exception  of  two  cases  (47  and  94),  none  of  the  patients 
so  far  reported  have  recovered. 

SUMMARY 

In  the  preparation  of  the  accompanying  summary  of  cases  reported 
m  the  medical  literature,  said  cases  have  been  tabulated  as  follows : 

Class  A. — Sixty-nine  cases  presenting  cyanosis  and  splenomegaly  and  in  which 
the  systolic  blood-pressure  did  not  exceed  150. 

Class  B. — Fourteen  cases  presenting  cyanosis  and  splenomegaly  and  in  which 
the  systolic  blood-pressure  exceeded   150. 

Class  C. — Forty-two  cases  with  an  absence  of  either  cyanosis  or  splenomegaly 
and  in  which  the  systolic  blood-pressure  did  not  exceed  150. 

Class  D. — Twenty-four  cases  with  an  absence  of  either  cyanosis  or  spleno- 
megaly and  in  which  the  systolic  blood-pressure  exceeded  150. 

Class  E. — Thirty  cases  considered  doubtful. 

Class  F. — Ten  cases  the  details  of  which  were  received  too  late  for  inclusion 
under  proper  classification. 

Making  a  total  of  one  hundred  and  eighty-nine  cases. 

It  is  difficult,  in  the  light  of  our  present  knowledge  of  the  disease, 
to  establish  a  hard  and  fast  division  between  cases  of  polycythemia, 
probably  secondary  in  form  but  of  obscure  origin,  on  the  one  hand,  and 
unquestionable  cases  of  primary  polycythemia,  or  erythremia,  on  the 
other.  It  has,  therefore,  been  the  endeavor  to  include  in  the  summary 
of  cases  all  of  those  cases  of  so-called  "polycythemia"  in  which  the 
etiology  of  the  condition  presented  a  reasonable  doubt. 

Of  the  thirty  cases  included  in  Class  E  some  appear  to  be  identical 
with  a  case  reported  b}7,  some  other  author  and  such  cases  are  included  in 
the  doubtful  list  in  order  to  avoid  duplicating  cases  in  Classes  A  to  D. 
Others  present  certain  features  of  erythremia  but  sufficient  details  are 
not  given  by  the  authors  to  permit  of  a  definite  classification.  Still  others 
fail  to  present  the  essential  features  of  erythremia.  It  is  quite  probable 
that  some  of  the  cases  included  in  the  doubtful  class  would  prove  to  be 
true  instances  of  erythremia  had  all  the  facts  on  which  the  authors  based 
their  diagnoses  been  set  forth  in  their  reports. 

For  purposes  of  publication  it  has  been  necessary  to  condense  the  case 
reports  as  much  as  possible  but  it  has  been  the  aim  not  to  omit  any 
essential  features  from  the  condensed  report. 

In  conclusion  I  wish  to  express  my  appreciation  of  the  kindness  of  Dr.  Hobart 

A.  Hare  in  giving  permission  to  report  the  two  cases  described  herein,  as  well 

as  for  his  suggestions  and  advice  in  the  preparation  of  this  article.    I  also  wish  to- 

thank  Dr.  E.  J.  G.  Beardsley  for  his  encouragement  and  assistance  in  many  ways, 

320  Hathawav  Lane.  Wvnnewood,  Pa. 
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VERRUGA    PERUVIANA    AXD    ITS    COMPARATIVE    STUDY 
IX    MAX    AND    THE    APE* 

HAROLD  NEWTON  I  OLE,  .M.I). 

CLEVELAND,   O. 

The  fact  that  the  Panama  Canal  is  to  be  opened  shortly  calls  our 
attention  to  a  disease  that  may  be  of  more  or  less  interest  and  importance 
to  Americans  in  the  next  few  years.  Even  before  the  Spanish  occupation 
of  South  America  a  peculiar  sickness  was  endemic  over  a  certain  inland 
portion  of  Peru.  The  Spaniards  suffered  terribly  from  its  ravages,  as 
have  the  natives  since  then,  and  the  trouble  is  still  present  in  this  same 
region.  At  the  time  of  the  building  of  the  Oroya  Eailroad  through  this 
country  in  1871,  the  workmen  were-  afflicted  greatly  with  a  severe  fever 
termed  Oroya  fever,  and  from  Verruga  peruviana.  Clinicians  finally 
began  to  have  the  feeling  that  the  two  diseases  were  one  and  the  same. 
though  in  a  different  type,  and  in  1885  a  young  medical  student,  Daniel 
Carrion,  allowed  himself  to  be  inoculated  with  the  blood  of  a  patient 
suffering  from  the  latter  affection,  and  in  thirty-nine  days  he  was  dead 
from  a  typical  attack  of  Oroya  fever.1  The  heroic  young  man  apparently 
settled  all  doubt  as  to  the  entity  of  the  two  diseases;  though,  as  I  will 
iun  later,  the  question  is  once  more  under  discussion. 

Through  a  peculiar  happening  the  Berne  Dermatology  Clinic  had 
what  was  probably  the  only  case  of  this  trouble  ever  seen  in  Europe  in 
the  person  of  a  Swiss  mountain  guide  from  Zermatt.  In  190!),  along 
with  a  companion,  he  assisted  Miss  Annie  E.  Peck8  in  climbing  Huas- 
caran  Mountain  in  Peru.  Through  misfortune  on  their  way  down  they 
were^forced  to  stop  twelve  days  on  the  ice  fields,  and  his  companion  had 

hand/a  and  feel  bo  badly  swollen  thai  the  two  guides  were  forced  to 
remain  some  time  in  Peru  before  their  return  to  Switzerland. 

Ahniii  one  week-  after  his  arrival  in  Zermatl  the  patienl  began  to 
e  fleeting  symptoms  of  an  uncomfortable  feeling,  followed  by  sweat- 
ing, when  in  a  hoi  room.  They  only  lasted  five  or  ten  minutes,  and  hi 
was  not  aware  of  any  temperature  disturbance.    A  little  later  he  noticed 

mall  growth  on  his  lefl  leg  and  Bhortly  afterwards  quite  a  few  came 


Prom  the  Dermatology  «  linic  in  Berne,  Switzerland  (Director,  Professor  Dr. 
Jadassohn ) , 

1.  For  the  history,  clinical  symptoms,  etc.,  of  this  Interesting  disease,  I  have 
drawn  largely  from  the  complete  and  \\«'il  written  monograph  of  Prof.  Ernesto 
Odriozola;  "La  Waladie  di  Oa  Hon"  ou  "La  Verruga  Peruvitnne."    Paris,  < 

1 1  c.  Naud,  1808 

2.  Peck,  Annie  E.:   Harper's  Monthly  Magazine   January,  lono. 
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out  on  his  face,  arms  and  hands,  and  the  patient  on  advice  consulted 
Prof.  Jadassohn  in  the  Berne  Clinic.  He  had  had  no  other  symptoms, 
and  on  admittance  to  the  hospital  seemed  to  be  perfectly  well ;  except  for 
the  tumors.  I  will  not  go  into  detail  of  what  has  been  already  described,3 
but  suffice  it  to  say  that  thorough  physical  examination  showed  absolutely 
nothing  pathological  outside  of  the  cutaneous  growths.  The  blood- 
picture  was  absolutely  normal,  the  Wassermann  reaction  negative  and 
the  von  Pirquet  cutaneous  test  for  tuberculosis  and  subcutaneous  injec- 
tions of  tuberculin  in  varying  amounts  up  to  1.0  mg.  also  showed  nothing. 
Some  of  the  tumors  were  excised  for  histological  examination  and  inocu- 
lation experiments,  others  were  treated  with  carbon  dioxid  snow,  pyro- 
gallic  ointment,  tincture  of  iodin,  etc.,  and  in  about  three  weeks  it  was 
impossible  to  prevail  on  the  patient  to  remain  any  longer  in  the  hospital, 
as  he  was  feeling  perfectly  well  and  the  lesions  had  practically  healed. 
And  since  his  departure  occasional  reports  show  that,  outside  of  a  few 
rheumatic  symptoms,  he  has  been  quite  well. 

ETIOLOGY 

The  mountain  climbers  on  their  trip  Had  just  touched  the  edge  of 
the  verruga  territory,  but  it  was  apparently  enough  to  transmit  the 
infection.  The  disease  is  limited  to  an  inland  portion  of  Peru,  from  28 
to  60  kilometers  from  the  seaboard.  The  country  is  quite  mountainous 
in  character,  varying  in  altitude  from  400  to  3,000  meters.  Curiously 
enough,  the  present  limits  of  the  disease  are  somewhat  smaller  than  at 
the  time  of  the  Spanish  occupation.  The  valleys  are  deep  and  hot,  while 
the  streams  are  sluggish  and  many  swamps  abound.  Odriozola  thinks 
that  the  climate  may  have  some  etiological  importance ;  while  the  water 
is  blamed  by  others.  However,  cases  have  been  known  to  occur  in  patients 
who  have  used  nothing  but  potable  water,  and,  moreover,  in  April,4  when 
the  water  recedes,  the  verruga  cases  augment.  No  race,  age  or  sex  is 
spared,  and  Odriozola  says  that  the  horses,  mules,  dogs,  llamas,  chickens, 
etc.,  have  symptoms  closely  allied  to  those  of  the  human  beings.  Cases 
have  been  cited  where  the  patients  have  staid  but  one-half  an  hour  or  an 
hour  in  the  verruga  territory  and  there  is  at  present  a  feeling  that,  as  in 
many  other  tropical  diseases,  some  insect  may  have  something  to  do  with 
the  transmission  of  the  disease.  The  affection  is  inoculable,  though  not 
contagious,  and  it  is  apparently  transmissible  by  the  placenta.  The  incu- 
bation period  varies  from  fifteen  to  forty  days,  or  even  longer.  In 
Carrion's  case  it  was  twenty-one  days,  perhaps  due  to  the  fact  that  he  was- 
inoculated  intravenously;  while  in  Jadassohn's  patient  it  was  at  least 
sixty  days.     Apparently  one  attack  gives  immunity  for  the  rest  of  life. 


3.  Jadassohn.  J.  and  Seiffert,  G. :  Ein  Fall  von  Verruga  peruviana,  gelungene 
Uebertragung  auf  Affen.     Ztschr.  f.  Hyg.  u.  Infektionskr.,  1910,  lxvi,  247. 

4.  Brault,  J.:  La  Verruga  du  Perou.    La  Pratique  Dermatologique,  iv,  832. 
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SYMPTOMS 

In  the  severe  type  of  the  affection,  the  so-called  Oroya  fever,  the 
disease  is  usually  ushered  in  with  a  chill  accompanied  by  a  fever;  after 
prodromal  symptoms  of  headache,  general  malaise  and  pain  in  the  joint. - 
and  muscles.3  The  fever  may  go  up  to  40  C.  (104  F.),  or  even  higher, 
and  is  accompanied  by  nausea,  vomiting,  rapid  anemia,  sleepless] 
vertigo,  hemorrhages,  coma  and  death.  The  glands  are  enlarged  and  the 
liver  and  spleen  engorged.  If  the  termination  be  good,  the  temperature 
gradually  falls  and  the  symptoms  Lessen.  The  fever  is  either  remittent, 
intermittent  or  irregular  iu  type  and  may  accompany,  precede  or  follow 
the  appearance  of  the  cutaneous  manifestations.  The  pulse  is  frequent. 
soft,  compressible  and.  even  with  a  temperature  of  normal,  it  may  be  120 
to  140,  or  even  higher.  Among  the  types  of  hemorrhage,  enterorrhagia 
is  rare,  and  usually  comes  along  towards  the  termination  of  the  disease, 
being  an  unfavorable  prognostic  sign.  Epistaxis  is  a  very  common  symp- 
tom and  pctechiae  are  frequent.  Sweating  is  profuse,  especially  in  the 
fever  of  an  intermittent  type.  Edema  of  the  toes  and  legs  is  generally 
found,  though  it  is  rarely  generalized  except  in  the  grave  cases.  Nervous 
symptoms  of  vertigo,  syncope,  cephalalgia,  delirium,  insomnia  and  hic- 
cough are  sometimes  seen. 

Pneumonia,  enteritis,  enterocolitis  and  hemorrhages  are  among  the 
•  ■'implications  most  frequently  encountered:  though  several  cases  of  ver- 
ruga meningitis  have  been  reported.  Occasionally  malaria  and  verruga 
are  seen  in  the  same  patient  at  the  same  time. 

EBUPTION 

The  cutaneous  eruption  is  of  two  general  types:  "miliaire"9  or  tuber- 
culous, and  "mulaire"  or  nodular.  Under  the  first  a  tubercular,  a  Bud- 
aminal,  a  vesicular  and  a  pustular  efflorescence  are  noted.  The  eruption 
may.be  localized,  generalized,  discrete  or  confluent,  and  the  favorite  Beats 
with  the  tubercular  or  "miliavre"  efflorescence  are  the  anterior  regions  of 
the  legs,  extensor  surfaces  of  the  forearms,  antero-extensor  surfaces  of 
the  aims,  forehead,  jaws,  uose,  eyebrows,  knees  and  elbows.  The  mucous 
membranes  oi  the  eyes,  mouth.  digestive  and  genito-urinary  tracts  are 
also  frequently  involved.  Moreover,  verruga  nodules  have  been  found  in 
the  peritonea]  coats,  spleen,  liver,  pancreas,  kidneys.  Lungs,  muscles,  and 
central  oervous  system.  The  "mulaire"  or  nodular  Lesions  are  Bubdermic, 
varying  in  size  from  a  walnut  to  ;i  Bmall  orange,  and  they  may  be  Bessile 


.,  Prof  ( i'li  i"/"!;i  proposes  to  divide  the  disease  into  tw>  types,  according  as 
the  fever  or  as  the  cutaneous  tumors  predominate  in  the  Bymptoms.  The  first 
type  be  would  c-.-i  1 1  "Oroya  fever"  or  "Fiivre  de  Carrion,"  and  the  latter  "Eruption 
iir  Carrion'* — thus  naming  the  disease  after  the  young  martyr. 

c.  The  wad-  "miliaire"  meaning  tubercular  and  "muutfre"  meaning  nodular 
have  been  taken  over  bodily  from  the  Bpanish  bj   Prof.  Odriocola. 
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or  pedunculated.  They  are  never  internal  and  are  found  on  the  eyelids, 
cheek-bones,  lobules  of  the  ears,  bridge  of  the  nose  and  the  knees. 
Jadassohn's  patient  had  examples  of  both  the  "miliaire"  and  the  "Mul- 
aire"  efflorescences — confined  mostly  to  the  face,  arms  and  legs.  The 
conjunctiva  of  one  eye  was  affected,  but  otherwise  the  mucous  membranes 
showed  nothing.  The  patient  also  showed  a  macular  eruption  resem- 
bling a  lupus  and  thus  far  not  described  in  connection  with  verruga 
peruviana. 

PATHOLOGY   AXD  BACTERIOLOGY 

In  regard  to  the  pathology  and  bacteriology  of  the  disease,  much  still 
remains  to  be  desired,  because  of  the  marked  differences  in  the  findings 
of  investigators.  The  blood-picture  is  that  of  a  rapid  and  marked 
anemia.  Bassett-Smith7  found  an  abundance  of  nucleated  red  cells,  and 
the  erythrocytes  were  irregular  in  their  size,  shape  and  staining  qualities. 
Many  basophilic  granulations  were  seen  and  a  few  myelocytes  were 
present.  The  bone-marrow  usually  shows  signs  of  proliferation.  The 
liver  and  spleen  are  generally  engorged  and  the  latter  organ  occasionally 
extends  down  to  the  iliac  fossa.  It  is  soft  and  more  or  less  friable,  while 
the  liver  is  slaty  in  color,  as  in  malaria,  due  to  the  destruction  of  red 
cells.  The  lymphatic  ganglia  are  greatly  engorged ;  those  of  the  mesen- 
tery occasionally  reaching  the  size  found  in  tuberculous  peritonitis  and 
leukocythemia.  The  urine  is  merely  febrile.  Histologically,  Xicolle8  found 
small  nodules  of  epithelioid  cells  in  the  liver  and  lungs,  but  no  caseation. 
In  the  lymph-nodes  he  found  true  caseation  in  their  centers,  but  no  giant 
cells.  Somewhat  analogous  though  more  marked  lesions  were  noted  in 
the  spleen.  DeVecchi9  found  early  hemorrhagic  lesions  in  the  spleen, 
lungs,  liver,  muscles  and  skin  along  with  new  tissue  formation.  In  the 
liver  there  was  a  vacuolization  of  the  elements  and  compression  of  the 
cells  by  the  widening  of  the  vessels  and  by  the  formation  of  verruga 
nodules.  Pigment  clumps  were  also  noted  and  phagocytic  leukocytes 
were  noted  in  both  the  liver  and  spleen.  He  found  giant  cells  in  both 
these  organs  and  in  the  lungs  there  were  appearances  of  new  tissue  for- 
mation and  small  areas  of  bronchopneumonia.  The  cutaneous  lesions 
have  been  studied  by  several  men  and  it  seems  to  be  the  consensus  of 
opinion  that  they  are  granulomatous  in  type;  made  np  of  fibroblasts, 
mono-  and  polymorphonuclear  leukocytes,  plasma  and  red  cells.  The 
tumois  are  very  vascular  and  later  show  signs  of  necrosis.  Acid-fast 
bacilli  have  been  found  in  the  internal  lesions  by  Xicolle,8  and  also  by 


7.  Bassett-Smith,  P.  W.:  Tlie  Pathology  of  the  Blood  in  Verruga.     Brit.  Med. 
Jour..  Sept.  18..  1909. 

8.  Nicolle.  C:      Note  but  la   bacterologie  de  la  verruga  du  Perou.     Ann.  d. 
l'Inst.  Pasteur,  1898.  xii.  591. 


672  VRCHIYEB    OF    INTERNAL     MEDICINE 

Letulle,10  Escomel,"  Giltner12  and  Izquierdo,18  while  just  lately  an 
organism  closely  related  to  the  paratyphosus  bacillus,  type  B,  has  been 
found  by  DeVecchi,9  Barton.14  Biffi16  and  others.  Cell  inclusion-bodies 
have  also  been  reported. 

DIAGNOSIS 

In  diagnosis  one  must  always  keep  malaria  in  mind,  for  in  fact  the 
two  diseases  have  been  very  frequently  confused,  and  they  are  occasion- 
and  the  blood-picture  will  serve  to  differentiate  them.  Typhoid  fever 
ally  found  together  in  the  same  patient.  However,  the  therapeutic  tesl 
must  also  be  ruled  out.  In  a  patient  having  the  cutaneous  tumors  as  the 
predominant  symptom  it  would  also  be  aecessary  to  think  of  neuro- 
fibromatosis (von  Eecklinghausen's  disease).  The  affection  occurring  in 
a  tropical  country,  framboesia  and  Bouton  d'Orient  would  likewise  have 
to  be  considered  in  a  differential  diagnosis.  In  the  former,  suitable 
examination  for  the  specific  spirochete  would  be  sufficient,  while  in  the 
latter  there  would  be  the  history  of  painless  ulcers  on  the  exposed  parts,  in 
which  proper  examination  would  reveal  the  Leishmann-Donovan  bodies. 

PROGNOSIS    AND   TREATMENT 

The  prognosis  of  verruga  should  always  be  guarded,  though  the  cases 
having  the  cutaneous  tumors  as  their  main  symptom  usually  do  better 
than  the  ones  with  the  high  fever. 

The  treatment  is  symptomatic  and  apparently  of  little  avail.  Quinin 
and  the  salicylates  have  been  the  drugs  mostly  relied  on  and  it  will  he 
interesting  to  see  what  will  be  the  effect  of  our  new  drugs,  Balvarsan  and 
neosalvarsan.  Perhaps  they  will  be  as  effectual  as  in  framboesia,  and 
their  use  is  to  be  recommended — at  least  as  as  experiment.  Despite  all 
treatment  the  cutaneous  Lesions  usually  Last  from  four  to  six  months. 
and  even  up  to  two  year-.  In  the  Berne  case  the  growths  were  prac- 
tically all  gone  in  a  space  of  three  months. 


9.  DeVecchi,  V>--  Deber  *\\>-  Verruga  peruviana.    Arch.  f.  Sdiiirs  u.  Tropenhyg., 
L909,  \iii.  part  '■  I  13. 

10.  1. 1  tulle:    Bistological  Stud]  in  Prof.  Odriozola's  monograph   (Note  1). 

11.  Escomel,  ]■'..-.   Anatomic  pathologique  du  verrucome  <!<•  Carrion,     Ann.  d, 
derm  •  I  d.  syph.,  1902,  lii,  961. 

12.  Giltner,  II.  A.:   Verruca    Peruana  or  Carrion's  Disease.     Jour.  Am.  Med. 
\--n..  1911,  Kii.  2074,  Abstr.,  Munchen.  med.  Wchnschr.,  1912,  No.  B,  p.  140. 

I.;.  [zquierdo,  V.:   Bpaltpilze  l"'i  der  Verruga   peruviana.     Virchow'a  Arch.  f. 
path.  Anat.,  1884  HI. 

14.  Barton:  Quoted  by  DeVecchi   (Note  9). 

15.  Biffi  Verruga  peruviana  und  schwerei  Fiebei  <  arrion.      ^rch. 
f.  Bchiffs  u.  Tropenhyg.,  1908,  I  Quoted  bj   DeVecchi  (Not< 
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EXPERIMENTAL    TRANSMISSION 


Outside  of  one  experiment  mentioned  by  Odriozola1  on  page  175  of 
his  book,  no  attempt  lias  ever  been  made  to  transmit  the  disease  to  lower 
animals.  In  this  case  a  bitch  was  inoculated  with  the  blood  from  a  large 
verruga  tumor.  Later  she  had  several  growths  on  the  paws  and.  ears, 
delivered  two  dead,  pups  and  died.  The  experiment  was  rather  indefinite, 
and  no  autopsy  was  done.  In  Jadassohn's  case  several  of  the  tumors  were 
excised,  ground  up  into  a  "hrei"  and  many  cultures  made  on  different 
media,  though  in  vain.  Like  success  also  attended  experiments  with 
rabbits,  guinea-pigs,  doves,  chickens,  rats  and  a  dog.  But  in  working 
with  apes  the  results  were  better.  The  first  animal  (Cercopithecus 
sdbeus)  was  inoculated  on  the  eyebrows  with  some  of  the  "hrei"  and  in 
forty- five  days  several  growths  appeared  which  eventually  reached  the 
size  of  small  cherries.  One  of  these  was  excised  for  further  transmission 
to  a  Rhesus,  and  in  fourteen  days  tumor  growths  were  noted  which  finally 
reached  a  larger  size  than  in  the  first  animal.  Lesions  from  the  second 
ape  were  successfully  transmitted  to  still  a  third  animal  (a  Rhesus), 
where  the  incubation  period  was  only  seven  days.  This  ape  died  sud- 
denly, autopsy  revealing  nothing,  so  that  further  inoculations  had  to  be 
made  with  the  almost  healed  tumors  from  Ape  2,  and  they  were  unsuc- 
cessful, though  done  intravenously.  Eabbits,  guinea-pigs,  rats,  white  and 
gray  mice,  chickens  and  doves  were  also  further  experimented  on,  but  in 
vain.  In  all  these  apes  the  blood-picture  was  at  all  times  normal,  and 
neither  in  them  nor  in  the  man  was  it  possible  to  find  in  the  blood  or  m 
the  red  cells  of  the  tissue  fluids  any  of  the  inclusion-bodies  that  have 
been  reported  by  Ba  sett- Smith,7  Galli-Valerio,16  DeVecchi9  and  others, 
though  practically  all  known  parasite  stains  were  used.  Moreover,  in 
none  of  the  apes  did  the  autopsy  show  changes  that  could  in  any  way 
have  been  due  to  Arerruga  peruviana.  The  cutaneous  lesions  from  both 
the  man  and  the  apes  showed  the  same  characteristic  histological  picture, 
which  will  be  taken  up  more  in  detail  in  a  later  paper.17  Here  it  will  be 
enough  to  say  that  the  growths  showed  a  marked  vascular  proliferation' 
along  with  the  presence  of  many  free  red  blood-cells  in  the  tissues.  Many 
mono-  and  polymorphonuclear  leukocytes,  plasma  cells  and  fibroblasts 
were  noted  in  the  tissues  and  peculiar  lymph-vessels  inclusion-areas, 
thus  far  imperfectly  noted  and  described,  were  also  seen.  By  the  use  of 
no  known  tissue  parasitic  stain  was  it  possible  to  find  any  of  the  acid 
fast  bacilli,  cell-inclusion  parasites  or  other  organisms  that  have  been 
described  by  different  men.  Odriozola  says  he  has  made  examinations  in 
two  types  of  patients.     In  the  first  class,  where  there  is  a  cutaneous 


16.  Galli-Valerio,  B.:  Observations  microscopiques  sur  la  Verruga  peruana  ou 
maladie  de  Carrion;  Centralbl.  f.  Bakteriol.,  etc.,  1911,  Iviii,  Part  1.  Orig.  p.  228. 

17.  A  histological  study  will  appear  later  in  the  Journal  of  Cutaneous  Diseases. 
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eruption  and  no  temperature,  he  has  always  had  negative  results.    In  the 

»nd  type,  with  eruption  and  temperature,  he  has  always  found  a  small 
bacillus.  In  such  classes  of  patients  Biffi,  DeYecchi,  Barton  and  others 
have  also  found  an  organism  closely  relate!  to  the  paratyphosus  bacillus, 
Type  B,  and  it  may  be  that  the  negative  results  are  due  in  this  ca> 

■  fact  that  the  patient,  at  least  to  our  knowledge,  at  no  time  had  any 
temperature  or  other  especial  symptoms  of  the  "Fievre  grave  de  Carri 
Is  it  possible  that  Carrion  could  have  been  inoculated  from  a  Verruga 
peruviana  patient  suffering  also  from  a  different  disease,  Oroya  fever  or 
"Fievre  grave  de  Carrion/'  and  that  he  succumbed  to  the  latter  before 
the  "Eruption  de  Carrion"  had  an  opportunity  to  make  it-  appearai 
Tins  question  and  many  others  in  regard  to  the  advisability  of  separating 
the  affection  into  two  clinical  and  distinct  entities  can  only  be  solved  by 
future  study  with  large  amounts  of  material  at  hand.  Eowever,  1  feel 
safe  in  making  at  least  the  following  conclusion-: 

CONCLUSIONS 

1.  In  a  case  of  Verruga  peruviana.  Eruption  de  Carrion,  there  was 
success  in  inoculating  the  disease  into  apes  to  the  third  generation. 
further  transmissions  being  hindered  only  from  want  of  material. 

2.  The  lesions  from  the  man  and  the  apes  resembled  each  other  very 
closely  histologically,  were  granulomatous  in  type  and  had  peculiar 
lymph-vessel  inclusion-areas. 

3.  None  of  the  organisms  mentioned  as  specific  for  the  disease  were 
found  either  in  the  lesions  from  the  patient  or  from  the  animals. 

•Jul?  East  Ninth  Street. 
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